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PROCESS FOR PRODUCING 2-CARBON-SUBSTITUTED CARBAPENEM DERIVATIVES 

The present invention relates to a novel process for producing 2-(unsubstituted or carbon-substituted)- 
carbapenem derivatives among carbapenem derivatives useful as agents for treating infectious diseases 
caused by bacteria in the field of pharmaceuticals. 

Thienamycin found in nature as a compound having a carbapenem structure has an excellent 

5 antibacterial spectrum over a wide range and strong antibacterial activities, and its development as a 
pharmaceutical has been expected. However, thienamycin is chemically unstable and is likely to be 
decomposed by a certain enzyme in vivo such as renal dehydropeptidase I (hereinafter referred to simply 
as DHP-I), and it has not been developed for a practical use. Under these circumstances, various studies 
have been made to develop better carbapenem derivatives. As a result, imipenem (generic name) has been 

70 practically developed for the first time as a pharmaceutical product. Imipenem has better antibacterial 
activities than thienamycin and has improved chemical stability. However, the stability against DHP-I has not 
been improved. Therefore, many syntheses and researches are continuously conducted. 

Most of the researches for such derivatives are directed to chemical modification of the side chain at 
the 2-position, and they are researches for the same 2-(substituted thio)carbapenem derivatives as 

75 thienamycin and imipenem. At present, a method represented by the following formulas is commonly 
employed as the synthesis thereof. 



20 




In the above formulas, R 1 is a hydrogen atom or a methyl group, R* is a carboxyl-protecting group, Z is 
a leaving group, and R* is the intended side chain. 

30 Namely, using a compound of the formula 1 readily available with its synthesis having been industrially 
established, as the starting material, an active intermediate of the formula 2 is produced and subjected to a 
coupling reaction with a thiol having the desired side chain. According to this method, once the thiol 
compound having the desired side chain has been obtained, it is possible to synthesize a 2-(substituted 
thio)carbapenem. Thus, this method is excellent in that it is applicable not only for the production of a 

35 specific compound but also for researches for derivatives wherein various thio side chains are to be 
introduced. 

Recently, an attention has been drawn to 2-carbon-substituted carbapenem derivatives for their 
characteristic antibacterial activities and for improvement in the stability against DHP-I. For example, R. 
Guthikonda et al. disclose 2-arylcarbapenem derivatives in J. Med. Chem., vol. 30, p. 871 (1987); and S. 

40 Schmitt et al. have reported 2-(substituted methyl)carbapenem derivatives in J. Antibiotics, vol. 41, p. 780 
(1988). However, as is different from the case of the above mentioned 2-(substituted thio)carbapenem 
derivatives, a process for producing a readily available starting material, has not yet been established. 

Further, a cross coupling reaction to form a carbon-carbon bond by means of a palladium catalyst is 
generally known. For example, reference is made to J.K. Stille Angew. Chem. Int. Ed. Engl., vol. 25, p. 508 

45 (1986). However, it is not reported at all that the after-mentioned enol triflate (a compound of the formula 
(III)) as a reactive derivative of the compound of the formula (IV) having a carbapenem structure and a 
stannane derivative of the formula (II) as a carbon-donating agent are reacted by means of a palladium 
catalyst to form a carbon-carbon bond at the 2-position. 

2-carbon-substituted carbapenem derivatives are useful for treating diseases caused by pathogenic 

so bacteria to human and animals. However, there have been various problems in their production. Particularly 
for the synthesis of their starting compounds, it is required to synthesize them by a multi-stage process as 
shown by the following formulas according to the above mentioned method of R. Guthikonda et al. Such a 
process is poor in efficiency and is hardly applicable on an industrial scale. 
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In the above formulas, TBDMS represents a tert-butyldimethylsilyl group, Ph represents a phenyl group, 
and R 1 and R* are as defined above. 

Namely, according to this method, the desired side chain at the 2-position must be introduced prior to 
forming the carbapenem structure. Accordingly the number of steps has to be increased. Further, there is 
an additional problem that in order to synthesize the compound of the formula 9 as its starting material, a 
number of steps are required as shown above. 

The present inventors have conducted extensive researches for a process capable of producing readily 
and by a simple route 2-carbon-substituted carbapenem derivatives showing excellent antibacterial activities 
against various pathogenic bacteria, using readily available starting materials., As a result, they have found 
it possible to readily produce such derivatives from compounds of the formula (IV) given hereinafter, for 
which an industrial method for synthesis has been established, by a cross coupling reaction by means of a 
palladium catalyst, via a reactive derivative of the formula (III). The present invention has been accom- 
plished on the basis of this discovery. At the same time, the present invention provides a novel process for 
producing 2-(unsubstituted or carbon-substituted)carbapenem derivatives. 

It is an object of the present invention to provide a novel process for producing a 2-carbon-substituted 
carbapenem readily and by a simple route using a readily available starting material. 

The present invention provides a novel process for producing a 2-(unsubstituted or carbon-substituted)- 
1-carbapen-2-em-3-carboxyl«c acid derivative, which comprises reacting a 2-trifluoromethanesulfonyloxy-1- 
carbapen-2-em-3-carboxylic acid derivative or the 1 -carbapen-2-em-3-carboxylic acid derivative derived 
from a 2-oxo-1-carbapenam-3-carboxylic acid derivative and trifluoromethanesulfonic anhydride, and a 
stannane derivative in an inert solvent in the presence of a palladium compound and a salt. 

More particularly, the present invention provides a process for producing a compound of the formula: 
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R J 0 




(I) 



COOR' 



io wherein R is a hydrogen atom or an organic residual group, R 1 is a hydrogen atom or a methyl group, R 2 is 
a hydrogen atom or a carboxyl-protecting group, and R 3 is a hydrogen atom or a hydroxyl-protecting group, 
which comprises subjecting a compound of the formula: 



is 



20 




OTf 



COOR 



(III) 



wherein R 1 and R 3 are as defined above, R* is a, carboxyl-protecting group, and Tf is a trifluoromethanesul- 
fonyl group, or a compound of the formula: 



25 



R 3 0 



30 




OTf 



COOR' 



(III) 



as wherein R 1 , R 3 , R* and Tf are as defined above, derived from a compound of the formula: 



40 



R3o R 

A 




(IV) 



COOR 4 



45 



wherein R 1 , R 3 and R* are as defined above and trifluoromejthanesulfonic anhydride, and a compound of the 
formula: 



50 



R— Sn — R 6 
R7 



(ID 



55 wherein R is as defined above, and each of R 5 , R 6 and R 7 which may be the same or different, is a lower 
alkyl group, to a coupling reaction in an inert solvent in the presence of a palladium compound and a salt, 
and, if necessary, removing any protecting group. 

Now, various terms used in this specification and preferred embodiments of the present invention will 
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be described. 

The carbapenem derivatives of the present invention have optical isomers and steric isomers based on 
the asymmetrical carbon atoms at the 1 -position, 5-position, 6-position and 8-position. The present invention 
includes all of such isomers. However, particularly preferred among these isomers is a compound of a 
(5R.6S.8Ft) configuration i.e. a compound having a steric configuration of (5R.6S) (5,6-trans) like 
thienamycin and in which the carbon atom at the 8-position takes a R-configuration, or a compound of a 
(1S.SR.6S.8R) configuration in a case where, a methyl group is present at the 1 -position. 

Accordingly, a group of preferred compounds are represented by the formula: 




(I') 



wherein R, R\ R 2 and R 3 are as defined above. 

A preferred 2-trifluoromethanesulfonyloxy-1-carbapen-2-em-3-carboxylic acid derivative is a compound 
of the formula: 




(III) 



wherein R\ R 3 and R* are as defined above, which is obtained by reacting a compound of the formula: 




(IV) 



wherein R 1 , R 3 and R* are as defined above, and trifluoromethanesulfonic anhydride. This compound can 
be produced on an industrial scale, as shown in Example 1 . 

The term "lower" means that the carbon number of the group modified by this term is from 1 to 6. 

The lower alkyl group means an alkyl group such as a methyl group, an ethyl group, a n-propyl group, 
an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl 
group, a n-hexyi group, an isohexyl group, a cyclopropyl group or a cyclobutyl group. An alkyl group having 
from 1 to 4 carbon atoms such as a methyl group, an ethyl group or a n-butyl group is preferred. 

The lower alkenyl group means an alkenyl group such as a vinyl group, a 1-propenyl group, a 1-butenyl 
group, a 1-pentenyl group or a 1-hexenyl group. An alkenyl group having from 2 to 4 carbon atoms such as 
a vinyl group, a 1-propenyl group or a 1-butenyl group is preferred. 

The lower alkynyi group means an alkynyl group such as an ethynyl group, a 1-propynyl group, a 1- 
butynyl group, a 1-pentynyl group or a 1-hexynyl group. An alkynyl group having from 2 to 4 carbon atoms 
such as an ethynyl group, a 1-propynyl group or a 1-butynyl group is preferred. 

The aryl group means a phenyl group or a condensed polycyclic hydrocarbon group. A phenyl group or 
a naphthyl group is preferred. 

The non-fused or fused heterocyclic group containing at least one hetero atom selected from the group 
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consisting of a nitrogen atom, an oxygen atom and a sulfur atom, may be saturated or unsaturated, and 
may be, for example, a pyrrolyl group, an imidazolyl group, a triazolyl group, a tetrazolyl group, a pyrazolyl 
group, a pyrrolidinyl group, an imidazolidinyl group, a pyrazolidinyl group, a pyrimidinyl group, a pyridyl 
group, a pyridinio group, a piperidyl group, an indolyl group, a thienyl group, a furanyl group, a thiazolyl 

s group, a thiadiazolyl group or a xanthenyl group. 

The organic residual group is a substituent selected from the group consisting of a lower alkyl group, a 
lower alkenyl group, a lower alkynyl group, an aryl group and a non-fused or fused 5-membered or 6- 
membered heterocyclic group having at least one hetero atom selected from the group consisting of a 
nitrogen atom, an oxygen atom and a sulfur atom. 

10 The organic residual group may optionally have a substituent. Specific examples of such substituent 
include, for example, the following: a halogen, atom such as a fluorine atom, a chlorine atom or a bromine 
atom; a hydroxy! group; a lower alkoxy group such as a methoxy group or an ethoxy group; a 
carbamoyloxy group such as a carbarttoyloxy group, a methylaminocarbonyloxy group, a dimethylaminocar- 
bonyloxy group or a phenylaminocarbonyloxy group; a thio group substituted by the above mentioned lower 

75 alkyl group such as a methylthio group or an isopropylthio group; a thio group substituted by the above 
mentioned hetero ring; a lower aikylthio group substituted by the above mentioned hetero ring; an amino 
group; a lower, alkylamino group such as a methylamino group, an ethylamino group or a dimethylamino 
group; an amidino group; a guanidino group; an acyl amino group such as an acetylamino group or a 
propionylamino group; a carboxyl group; an oxycarbonyl group substituted by the above mentioned lower 

20 alkyl group such as a methoxycarbonyl group or an ethoxycarbonyl group; an aminocarbonyl group such as 
an aminocarbonyl group, a methylamlnocarbonyl group, an ethylaminocarbonyl group, a dimethylaminocar- 
bonyl group or a pyrrolidinocarbonyl group; a lower alkanoyl group such as an acetyl group or a propionyl 
group; a cyano group; a sulfo group, a lower alkyl group, a lower alkenyl group, a lower alkynyl group, an 
aryl group and the above mentioned heterocyclic group. The functional group such as an amino group or a 

25 carboxyl group may have a protecting group as the case requires. 

The lower alkoxy group is a hydroxyl group substituted by the above mentioned lower alkyl group, and 
a methoxy group, an ethoxy group, a n-propoxy group or an isopropoxy group is preferred. 

The lower alkoxycarbonyl group is an oxycarbonyl group substituted by the above mentioned lower 
alkyl group, such as a methoxycarbonyl group, an ethoxycarbonyl group, a n-propoxycarbonyl group or a 

30 tert-butoxycarbonyl group. Among them, an alkoxycarbonyl group having from 2 to 5 carbon atoms such as 
a methoxycarbonyl group, an ethoxycarbonyl group or a tert-butoxycarbonyl group is preferred. 

The aminocarbonyl group represents in addition to a carbamoyl group, a lower alkylearbamoyl group, a 
dilower alkylearbamoyl group as well as a heterocyclic group obtained when a lower alkyl group of the 
above mentioned dilower alkylearbamoyl group forms an alkylene group together with an adjacent nitrogen 

35 atom and if necessary, together with a hetero atom such as an oxygen atom, a nitrogen atom or a sulfur 
atom. Such a heterocyclic group may be, for example, a 1-aziridinyl group, a 1-azetidinyl group, a 1- 
pyrrolidinyl group, a piperidino group or a morpholino group. Preferred examples of the aminocarbonyl 
group include, for example, a carbamoyl group, a methylcarbamoyl group, an ethylcarbamoyl group, an 
isopropylcarbamoyl group, a dimethyfcarbamoyl group, a diethylcarbamoyl group, an ethylmethylcarbamoyl 

40 group, a 1-pyrrolidinylcarbonyl group and a morpholinocarbonyl group. 

The organic residual group may be substituted by at least two above mentioned substituents which may 
be the same or different. 

R s , R 6 and R 7 may be the same or different and each represents a lower alkyl group. In a preferred 
embodiment, all of them are the same and n-butyl groups or methyl groups. 

45 The carboxyl-protecting group for R 2 or R* may be a protecting group commonly employed. For 
example, a lower alkyl group such as a methyl group, an ethyl group or a tert-butyl group; a halogeno lower 
alkyl group such as a 2-iodoethyl group or a 2,2,2-trichioroethyl group; a lower alkoxymethyl group such as 
a methoxymethyl group or an ethoxymethyl group; a lower alkoxycarbonyloxy lower alkyl group such as a 
methoxycarbonyloxymethyl group, an ethoxycarbonyloxymethyl group, a tert-butoxycarbonyloxymethyl 

so group or a 1 -ethoxycarbonyloxyethyl group; a lower alkanoyl lower alkyl group such as an acetoxymethyl 
group, a propionyloxymethyl group, a pivaloyloxymethyl group or a 1-acetoxyethyl group; a (5-methyl-2- 
oxo-1,3-dioxol-4-yl)methyl group; a phthalidyl group; a lower alkenyl group such as a vinyl group or an allyl 
group; an aryl lower alkyl group which may have a suitable substituent, such as a benzyl group, a 4- 
methoxybenzyl group, a 4-nitrobenzyl group, a 2-nitrobenzyl group, a diphenylmethyi group or a trityl 

55 group; an aryl group which may have a suitable substituent, such as a phenyl group or a 4-nitrophenyl 
group; or a lower alkylsilyl group such as a trimethylsilyl group or a tert-butyldimethylsilyl group may be 
mentioned. 

As the amino-protecting group for the substituent of the organic residual group, an aralkylidene group 
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such as a benzylidene group, a 4-chlorobenzylidene group, a 4-nitrobenzylidene group, a salicylidene 
group, an a-naphthylidene group or a £-naphthylidene group; an aralkyl group such as a benzyl group, a 4- 
methoxybenzyl group, a 3, 4-dimethoxy benzyl group, a 2-nitrobenzyl group, a 4-nitrobenzyl group, a 
benzhydryl group or a bis (4-methoxyphenyl)methyi group; a lower alkanoyl group such as a formyl group. 

s an acetyl group, a propionyl group, a butylyl group, an oxalyl group, a succinyl group or a pivaloyl group; a 
halogeno lower alkanoyl group such as a chloroacetyl group, a-dichloroacetyl group, a trichloroacetyl group 
or a trifluoroacetyl group; an arylalkanoyl group such as a phenylacetyl group or a phenoxyacetyl group; a 
lower alkoxycarbonyl group such as a methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl 
group or a tert-butoxycarbony! group; a halogeno lower alkoxycarbonyl group such as a 2-iodoethyloxycar- 

10 bonyl group or a 2,2.2-trichloroethoxycarbonyl group; an aikenyloxycarbonyl group such as a 2-propenylox- 
ycarbonyl group, a 2-chloro-2-propenyloxycarbonyl group, a 3-methoxycarbonyl-2-propenyloxycarbonyl 
group, a 2-methyl-2-propenyloxycarbonyl group, a 2-butenyloxycarbonyl group or a cinnamyloxycarbonyl 
group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a 2-nitrobenzyloxycarbonyl group, 
a 4-nrtrobenzyloxycarbonyl group or a phenethyloxycarbonyl group; or a lower alkylsilyl group such as a 

75 trimethylsilyl group or a tert-butyldimethylsilyl group, may be mentioned. 

In the reaction of the present invention, the hydroxyl group of the hydroxyethyl group at the 6-position 
may not necessarily be protected, but may be protected as the case requires. As the hydroxyl-protecting 
group for R 3 , a protecting group commonly employed may be used. For example, a lower alkylsilyl group 
such as a trimethylsilyl group or a tert-butyldimethylsilyl group; a lower alkoxymethyl group such as a 

20 methoxymethyl group or a 2-methoxyethoxymethyl group; a tetrahydropyranyl group; an aralkyl group such 
as a benzyl group, a 4-methoxybenzyl group, a 2,4-dimethoxybenzyl group, a 2-nitrobenzyl group, a 4- 
nitrobenzyl group or a trityl group; an acyl group such as a formyl group or an acetyl group; a lower 
alkoxycarbonyl group such as a tert-butoxycarbonyl group, a 2-iodoethyloxycarbonyl group or a 2,2,2- 
trichloroethyloxycarbonyl group; an aikenyloxycarbonyl group such as a 2-propenyloxycarbonyl group, a 2- 

25 chloro-2-propenyloxycarbonyl group, a 3-methoxycarbonyl-2-propeny!oxycarbonyl group, a 2-methyl-2-pro- 
penyloxycarbonyl group, a 2-butenyloxycarbonyl group or a cinnamyloxycarbonyl group; or an aralkylox- 
ycarbonyl group such as a benzyloxycarbonyl group, a 4-methoxybenzyloxycarbonyl group, a 2-nitroben- 
zyloxycarbonyl group or a 4-nitrobenzyloxycarbonyI group, may be mentioned. 
Now, the process of the present invention will be described. 

30 The 2-(unsubstituted or carbon-substituted)-1-carbapen-2-em-3-carboxylic acid derivative (hereinafter 
referred to as the desired product) can be produced by subjecting a 2-trifluoromethanesulfonyloxy-1- 
carbapen-2-em-3-carboxylic acid derivative and a stannane derivative having a side chain (a hydrogen atom 
or an organic residual group) capable of forming the desired side chain at the 2-position, to a coupling 
reaction in an inert solvent in the presence of a palladium compound and a salt. 

35 The 2-trifluoromethanesulfonyloxy-1-carbapen-2-em-3- carboxylic acid derivative can be produced by 
reacting a 2-oxo-1-carbapenam-3-carboxylic acid derivative and trifluoromethanesulfonic anhydride in an 
inert solvent. The 2-trifluoromethanesuIfonyloxyloxy-1-carbapen-2-em-3-carboxylic acid derivative thus ob- 
tained can be used for the reaction with the stannane derivative without isolation or after isolation. 

Now, the process for producing the compound of the formula (I) of the present invention will be 

40 described in detail. 

The compound of the formula (III) can be prepared by reacting the compound of the formula (IV) with 
from 1 to 2 equivalent of trifluoromethanesulfonic anhydride in the presence of from 1 to 2 equivalent of a 
base. This reaction is conducted in a commonly employed inert solvent which does not adversely affect the 
reaction, such as tetrahydrofuran (THF), dioxane, acetone, acetonitrile, chloroform, dichloromethane, ethyl 

45 acetate, N,N-dimethylformamide (DMF), or N,N-dimethylacetoamide, or in a solvent mixture thereof. 
Preferably, THF, dichloromethane or acetonitrile is employed. As the base, an inorganic base such as 
sodium hydrogen carbonate, potassium carbonate or magnesium carbonate, or an organic base such as 
triethylamine, diisopropylethylamine, N-methylmorpholine or diisopropylamine, may be mentioned. Prefer- 
ably, diisopropylethylamine or diisopropylamine is employed. There is no particular restriction as to the 

so reaction temperature and the reaction time. However, the reaction is. usually conducted at a temperature of 
from -78 to +5* C for from 5 minutes to 3 hours. The reaction mixture may be treated in accordance with a 
usual method to obtain the compound of the formula (III). However, the reaction mixture can be used 
without any purification for the next reaction. 

The compound of the formula (I) of the present invention can be obtained by reacting the compounds of 

55 the formula (HI) and (II) in the presence of a palladium compound and a salt. As. the, palladium compound, 
tetrakis (triphenylphosphine)palladium(O), bis (dibenzylideneacetone)palladium(O), tris- 
(dibenzylideneacetone)dipalladium(O), dichlorobis(triphenylphosphine)palladium(ll), dichlorobis (benzonitrile)- 
palladium(ll), carbonyltris(triphenylphosphine)palladium(0), transdimethylbis(triphenylphosphine)palladium(ll) 
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or trans-(4-tert-butylcyclohexen-1-yl)chlorobis(triphenylphosphine)palladium(H) may be mentioned. Prefer- 
ably, tetrakis(triphenylphosphine)palladium(0), bis(dibenzylideneacetone)paliadium(0) or tris- 
(dibenzylideneacetone)dipalladium(O) is employed. As the salt, a lithium halide such as lithium fluoride, 
lithium chloride, lithium bromide or lithium iodide; a sodium halide such as sodium fluoride or sodium 

5 chloride; a potassium halide such as potassium chloride or potassium iodide; a cesium halide such as 
cesium fluoride or cesium chloride; a zinc halide such as zinc chloride or zinc iodide; or a quaternary 
ammonium halide such as tetra-n-butylammonium fluoride or tetra-n-butylammonium iodide, may be 
mentioned, preferably, lithium chloride or zinc chloride is employed. These salts may be used as a mixture 
of two or more different types. 

10 The reaction of the present invention may sometimes be accelerated by an addition of a ligand of 
palladium. As such ligand, tris(2,4,6-trimethoxyphenyl)phosphine, tris(2,6-dimethoxyphenyl)phosphine, tris(4- 
methoxyphenyl)phosphine, triphenylphosphine, tri(2-furyl)phosphine or tri(2-thienyl)phosphine may, for ex- 
ample, be mentioned. Preferably; tris(2,4,6-trimethoxyphenyl)phosphine or tri(2-furyl)phosphine is employed. 
This reaction is conducted in a commonly employed inert solvent which does not adversely affect the 

75 reaction, such as THF, dioxane, acetonitrile, 1 ,2-dimethoxyethane, diglyme, DMF, dimethyl sulfoxide 
(DMSO), sulforane, N-methylpyrro!idinone, hexamethylphosphoramide (HMPA), or 1,3-dimethyl-3,4,5,6- 
tetrahydro-2(1H)-pyrimidinone (DMPU), or a solvent mixture thereof. Preferably, DMF, DMSO, IM-methylpyr- 
rolidinone, HMPA or DMPU is employed. 

The amounts of the respective reaction reagents to the compound of the formula (III) are not particularly 

20 limited. It is usual to employ from 1 to 2 mols of the compound of the formula (II), from 0.001 to 0.05 mol of 
the palladium compound, from 1 to 5 mols of the salt and, in the case where a ligand of palladium is added, 
from 0.001 to 0.05 mol of such ligand, per mol of the compound of the formula (III). 

There is no particular restriction as to the reaction temperature and the reaction time. However, the 
reaction is usually conducted at a temperature of from -20 to +40* C for from 1 to 48 hours. The reaction 

25 mixture is treated in accordance with a usual method to obtain the compound of the formula (I) of the 
present invention. 

The compound of the formula (I) of the present invention may be converted to, a carbapenem derivative 
useful as a pharmaceutical by removing any protecting group, as the case requires. When the carboxyl- 
protecting group for R 2 is a protecting group readily hydrolyzable in vivo, such as an acetoxymethyl group, 
30 a pivaloyloxymethyl group, a (5-methyl-2-oxo-1 ,3-dioxol-4-yl)methyl group or a phthalidyl group, no removal 
of such protecting group is required, and the product can be used as a drug for oral administration. 

The reaction for the removal of a protecting group can be conducted by a method per se known 
depending upon the type of the protecting group. 

The compound of the formula (I) can be converted by a usual method to a pharmaceutically acceptable 
35 salt or ester thereof. 

Further, among the compounds of the formula (I), compounds of the formula (I-a): 



40 




d-a) 



45 

wherein R 1 is a hydrogen atom or a methyl group, and each of R 8a , 9a and R 10a is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
group, a cyano group, a lower alkoxycarbonyl group and a nitro group, or pharmaceutically acceptable salts 
so or esters thereof, are novel compounds, and they have excellent antibacterial activities and thus are useful 
as antibacterial agents. The compounds of the formula (I-a) may generally be classified into compounds of 
the formula (l-b): 



55 
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5 




d-b) 



10 wherein R 1 is a hydrogen atom or a methyl group, and each of R 8b , R 9b and R 10b Is a hydrogen atom or a 
lower alkyl group, or pharmaceutical^ acceptable salts or esters thereof, and compounds of the formula (I- 
c): 



75 



20 




wherein R 1 is a hydrogen atom or a methyl group, and each of R 8c , R 9c and R 10c is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
25 group, a cyano group, a lower alkoxycarbonyl group and a nitro group, provided R 8c , R 9c and R 10c are not 
simultaneously hydrogen atoms or lower alkyl groups, or pharmaceutical^ acceptable salts or esters 
thereof. Among them, compounds of the formula (l-b) are preferred. 

The compound of the formula (l-a) can be prepared by subjecting a compound of the formula: 

30 



35 




(III) 



wherein R 1 is a hydrogen atom or a methyl group, R 3 is a hydrogen atom or a hydroxyl-protecting group, 
40 R 4 is a carboxyl-protecting group, and Tf is a trifluoromethanesulfonyl group; and a compound of the 
formula: 



45 




(H-a) 



wherein each of R 5 , R 6 and R 7 is a lower alkyl, group, and each of R 8a , R 9a and R 10a is a substituent 
selected from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a 
lower alkoxy group, a cyano group, a lower alkoxycarbonyl group and a nitro group, to a coupling reaction 
55 in the presence of a palladium compound and a salt, and then removing any protecting group, as the case 
requires, or by reacting a compound of the formula: 
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5 




(HI) 



10 wherein Tf is a trifluoromethanesulfonyl group, R 1 is a hydrogen atom or a methyl group, R 3 is a hydrogen 
atom or a hydroxyl-protecting group and R* is a carboxyl-protecting group, derived from a compound of the 
formula: 




(IV) 



wherein R\ R 3 and R 4 are as defined above and trifiuoromethanesulfonic anhydride, and a compound of the 
formula: 

25 



30 




(H-a) 



35 wherein each of R 5 , R 6 and R 7 is a lower alkyl group, and each of R 8a , R 9a and R 10a is a substituent 
selected from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a 
lower alkoxy group, a cyano group, a lower alkoxycarbonyl group and a nitro group, in the presence of a 
palladium compound and a salt, and then removing any protecting group as the case requires. The 
preparation of the compound of the formula (l-a) can be conducted in the same manner as the production of 

40 the compound of the formula (I). 

Specific compounds of the formula (l-a) have the following side chains as the side chain at the 2- 
position of the carbapenem structure: 



45 



50 
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CONH 2 CH 3 
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y 
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<a>* 
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CON(CH 3 ) 2 CH 3 CONHCH3 CH 



©' / 
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CONH 2 
CONH 2 



CONH 2 ®' CON(CH 3 ) 2 



C 2 H50 



CH 3 N^ 



CONH 2 
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0 <D' 



CH. 



• CON I CH 3 /CON 0 CH 3\ z 0011 : 



OC 2 H5 CH 3 CN 

(3) / 



CH 



3 N .CN 

' ^CN 



^C0 2 CH 3 CH 3v ^_^C0 2 C 2 H 5 /CONHg 



'CN 



NO. 



CH< 



NO. 



NC 



Now, specific examples of the compound of the formula (I) will be given below: 

(1) (5R,6S)-6-[(1R)-1-hydroxyethyl]-2-vinyl-1-cari3apen-2-em-3-carboxylic acid (compound with side chain 

®)) 

(2) (1S,5R,6S)-6-[(1R)-1-hydroxyethyl]-2-vinyl-1-methylcarbapen-2-em-3-carboxylic acid (compound with 
side chain (§)) 

(3) (5R,6S)-6-[(1R)-1-hydroxyethyl]-2-(1-methylvinyl)-1-carbapen-2-em-3-carboxylic acid (compound with 
side chain @ or ©) 

(4) (1S,5R,6S)-6-[(1 R)-1-hydroxyethyl]-2-(1-methylvinyl)-1-methylcarbapen-2-em-3-carboxylic acid 
(compound with side chain © or ©) 

(5) (5R,6S)-2-(1-ethylvinyl)-6-[(1R)-1-hydroxyethyl]-1-carbapen-2-em-3-carboxylic acid (compound with 
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side chain © or @) 

(6) (1 S,5R.6S)-2-(1 -ethy lvinyl)-6-[(1 R)-1 -hydroxyethyiH -methylcarbapen-2-em-3-carboxy!ic acid 
(compound with side chain © or @) 

(7) (5R,6S)-6-[(1R)-1-hydroxyethyl]-2-(1-propylvinyl)-1-carbapen-2-em-3-carboxyIic acid (compound with 
side chain ©or ®) 

(8) (1 S,5R,6S)-6-[(1 R)-1 -hydroxyethylh2-(1 -propylviny -methylcarbapen-2-em-3-carboxylic acid 
(compound with side chain © or ©) 

(9) (SR.eS^-HEK-carbamoylvinyU-e-MI R)-1- hydroxyethyl]-1 -carbapen-2-em-3-carboxylic acid 
(compound with side chain ® ) 

(1 0) (1 S,5R,6S)-2-[(E)-2-carbamoylvinyl]-6-[(1 R)-1 -hydroxyethyl]-1 -methylcarbapen-2-em-3-carboxylic 
acid (compound with side chain ® ) 

(1 1 ) (5R,6S)-2-[(E)-2-dimethylcarbamoyivinyl]-6-[(1 R)-1 -hydroxyethyl]-1 -carbapen-2-em-3-carboxylic acid 
(compound with side chain @ ) 

(1 2) (1 S.SR.eS^-KE^-dimethyicarbamoylvinylhe-KI R)-1 -hydroxyethyl]-1 -methyicarbapen-2-em-3-car- 
boxylic acid (compound with side chain @ ) 

(1 3) (5R,6S)-2-[(Z)-2-carbamoyIviny l]-6-[(1 R)-1 -hydroxyethyl]-1 -carbapen-2-em-3-carboxy!ic acid 
(compound with side chain © ) 

(1 4) (1 S,5R.6S)-2-[(Z)-2-carbamoylvinyl]-6-[(1 R)-1 -hydroxyethyi-1 -methylcarbapen-2-em-3-carboxylic acid 
(compound with side chain @ ) 

(1 5) (5R.6S)-2-[(Z)-2-dimethyIcarbamoylvinyl]-6-[(1 R)-1 -hydroxyethyiH -carbapen-2-em-3-carboxylic acid 
(compound with side chain © ) 

1 6 (1 S f 5R,6S)-2-[(Z)-2-dimethylcarbamoylvinylh6-[(1 R)-1 -hydroxyethyl]-1 -methy!carbapen-2-em-3-car- 
boxylic acid (compound with side chain © ) 

(17) (5R,6S>-2-(1-ethoxyvinyi)-6-[(1R)-1-hydroxyethyl]-1-carbapen-2-em-3-carboxyiic acid (compound with 
side chain ©') 

(1 8) (1 S f 5R.6S)-2-(1 -ethoxyvinyl)-6-[(1 R)-1 - hydroxyethyl]-1 -methylcarbapen-2-em-3-carboxyhc acid 
(compound with side chain ©) 

(19) (5R,6S)-2-(1-carbamoyivinyl-6-[(1R)-1-hydroxyethyl]-1-carbapen-2-em-3-carboxylic acid (compound 
with side chain ®') 

(20) (1 S,5R,6S)-2-(1 -carbamoy lviny!)-6-[(1 R)-1 -hydroxyethy l]-1 -methy lcarbapen-2-em-3-carboxy lie acid 
(compound with side chain ©') 

(21 ) (5R,6S)-2-[(E)-2-ethoxy viny l>6-[(1 R)-1 -hydroxyethy l]-1 -carbapen-2-em-3-carboxy lie acid (compound 
with side chain ©') 

(22) (1 S,5R,6S)-2-[(E)-2-ethoxyvinyl]-6-[(1 R)-1 -hydroxyethyl]-1 .methylcarbapen-2-em-3-carboxylic acid 
(compound with side chain © ) 

(23) (5R,6S)-2-(2 f 2-dicyano-1 -methyivinyl)-6-[(1 R)-1 -hydroxyethy i]-1 -carbapen-2-em-3-carboxylic acid 
(compound with side chain ©') 

(24) (1 S,5R,6S)-2-(2,2-dicyano-1 -methyivinyl)-6-[(1 R)-1 -hydroxyethyl]-1 -methylcarbapen-2-em-3-carbox- 
ylic acid (compound with side chain © ) 

(25) (5R f 6S)-6-[(1R)-1 -hydroxyethy IJ-2-[(E)-2-nitrovinyll-1-carbapen-2-em-3-carboxyIic acid (compound 
with side chain © ) 

(26) (1 S,5R,6S)-6-[(1 R)-1 -hydroxyethyi]-2-[(E)-2-nitrovinyl]-1 -methy lcarbapen-2-em-3-carboxylic acid 
(compound with side chain ©') 

(27) (5R,6S)-2-(1-cyanovinyl)-6-[(1R)-1- hydroxyethyl]-1-carbapen-2-em-3-carboxyiic acid (compound with 
side chain ®') (compound with side chain Qx) 

(28) (1 S,5R,6S)-2-(1 -cyanovinyl)-6-[(1 R)-1 -hydroxyethyl]-1 •methylcarbapen-2-em-3-carboxylic acid 
(compound with side chain ®') 

Among these compounds, E-isomer such as compounds (3), (4), (9), (10), (11) and (12) are preferred. 

Among preferred compounds of the formula (l-b] , more preferred compounds are those having a 
terminal vinyl group as the side chain at the 2-position of the carbapenem structure, wherein R 9b and R 10b 
are hydrogen atoms. 

The compounds of the formula (l-a) can be converted by usual methods to pharmaceutical^ acceptable 
non-toxic salts or esters thereof. 

The non-toxic salts of the compounds of the formula (l-a) mean pharmaceutically acceptable common 
salts and mean salts of the carboxyl group at the 3-position of the carbapenem structure. For example, a 
salt with an alkali metal such as sodium, potassium or lithium; a salt with an alkaline earth metal such as 
calcium or magnesium; a salt with an organic amine such as N,N-dibenzylethylenediamine, ethanoiamine or 
triethylamine; or a salt with an amino acid#such as aspartic acid, glutamic acid or lysine, may be 
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mentioned. 

The non-toxic esters of the compounds of the formula (l-a) mean pharmaceutical^ acceptable common 
esters of the carboxyl group at the 3-position of the carbapenem structure. For example, an ester with an 
alkanoyloxymethyl group such as an acetoxymethyl group or a pivaloyloxymethyl group; an ester with an 
5 alkoxycarbonyloxyalkyl group such as a 1-(ethoxycarbonyloxy)ethyl group; an ester with a phthalidyl group; 
or an ester with a 5-substituted-2-oxo-1,3-dioxol-4-ylmethyl group such as a 5-methyl-2-oxo-1 ,3 dioxol-4- 
ylmethyl group, may be mentioned. 

The compounds of the formula (I) of the present invention may be converted to pharmaceutical^ useful 
carbapenem derivatives by removing a protecting group, as the case requires. When the carboxyl- 
io protecting group for R 4 is a protecting group readily hydrolyzable in vivo, such as an acetoxymethyl group, 
a pivaloyloxymethyl group, a (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl group or a phthalidyl group, such 
compound can be used as a pharmaceutical for oral administration without removal of such a protecting 
group. 

The reaction for the removal of a protecting group can be conducted by a usual method such as by 
75 solvolysis, by reduction by means of a metal or by catalytic reduction, per se known. 

For example, a 4-nitrobenlzyl group or a 2,2,2-trichloroethyl group may be removed by mild reduction 
by means of iron or zinc. For example, a 4-methoxybenzyl group, a tert-butyl group or a diphenylmethyl 
group can be removed by aluminum chloride-anisole. An aliyl group can be removed by means of a 
catalyst composed of a mixture of a palladium compound and triphenylphosphine. For example, a 4- 
20 nitrobensyl group, a benzyl group or a diphenylmethyl group can be removed by catalytic reduction in the 
presence of a palladium-carbon catalyst. A 2-trimethylsilylethy! group can be removed by tetrabutylam- 
monium fluoride. A 2-nitrobenzyl group can be removed by photolysis. 

The compound of the formula (I) can be converted by usual methods to pharmaceutically acceptable 
salts or esters. 

25 The starting material of the formula (IV) is an important intermediate for the preparation of carbapenem 
derivatives, and many excellent methods for its preparation have been reported by now. Therefore, they are 
readily available. For example, reference is made to D.G. Melillo et al.,*J. Org. Chern., vol. 51, p. 1,498 
(1986); L.M. Fuentes et al., J. Am. Chem. Soc, vol. 108, p. 4,675 (1986); R. Dezlel et al., Tetrahedron Lett., 
vol. 30, p. 1,345 (1989) and literatures cited in these, reports. 

30 The stannane compound of the formula (II) as the other starting material is#either commercially 
available or can be synthesized in accordance with the general description by J.K. Stille cited above, or 
literatures cited in the report by M. Pereyere et al., Tin in Organic Synthesis, Butterworths, 1987. 

The compounds of the formula (I) or their salts or esters of the present Invention exhibit excellent 
antibacterial activities, and they are new compounds useful as pharmaceuticals and can be used for 

35 treatment and prevention of infectious diseases caused by bacteria, such as infectious diseases of 
respiratory system, infectious diseases of urinary tract, suppurative diseases or surgical infectious diseases. 

To specifically demonstrate the usefulness of the compounds of the present invention, the biological 
test results with respect to the representative compounds are shown below. As is evident from the results, 
the compounds of the present invention represented by the formula (l-a) are useful as antibiotics, 

40 particularly as the ones for oral administration. 

(1 ) Antibacterial activities in vitro 
Test method: 

45 The antibacterial activities were measured by the following agar plate dilution method. 

One platinum loopful of each test microorganism incubated overnight in Mueller Hinton broth, was 
inoculated to Mueller Hinton agar (inoculum size: 10 6 CFU/mi). Such a culture medium contained a test 
compound in a predetermined concentration. After incubation at 37° C for 16 hours, the minimum inhibitory 
concentration (MIC) was measured and presented by a unit of ng/mi. 



Test results: 


MIC (ng/ml) 


Test microorganism 


Compound of 
Example 25 


S. aureus 209P NIHJ JC1 


0.05 
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(2) Protective effects against experimental infectious disease of mice 
Test animal: 

5 

Male mice (ddY) of 4 weeks old having body weights of 20±1 g were employed, and the test was 
conducted with eight mice per group. 
Microorganism used: 
S. aureus 4970 

10 

Test method: 

5 x 10 s cells of the pathogenic microorganism suspended in 5% mucin were intracelially injected to 
each mouse. One hour after the inoculation of the microorganism, the compound of the present invention 
75 was orally administered in the form of solutions having various concentrations. Four days later, the mortality 
of the mice was determined, and the ED 5 o value was calculated. 

Test results: 

20 Compound of Example 25: EDso 0.34 mg/kg 
Compound of Example 26: ED 5 o 0.36 mg/kg 

(3) Concentration in blood and recovery rate in urine 
Test animal: 

25 ddY male mice of 4 weeks old 
Test method: 

40 mg/kg of the test compound was orally administered to each mouse, and the change with time of the 
concentration in blood and the recovery rate in urine for from 0 to 6 hours were measured. The quantitative 
30 analysis was conducted by a bioassay using S. lutea PC 11001 as the test microorganism. With respect to 
the compound of Example 26, the quantitative analysis was conducted in the form of its non-ester form i.e. 
as the compound of Example 25. 



Test results: 


Compound 


Concentration in blood 
(Ug/mi) 


Recovery rate in 
urine (%) 0-6 hrs 


0.25 hr 
later 


0.5 hr 
later 


1 hr 
later 


Compound of Example 25 


4.1 


2.9 


1.6 


1.8 


Compound of Example 26 


44.9 


29.1 


10.2 


29.7 



45 

To administer the compound of the present invention for the purpose of treatment, it may be 
administered in the form of a commonly employed formulation containing the compound of the present 
invention as the main component and having a pharmaceutically acceptable organic or inorganic solid or 
liquid carrier suitable for the particular administration method added. With respect to the administration 

so method and the formulation, oral administration in the form of tablets, powders, capsules or syrups, or non- 
oral administration by intravenous or intramuscular injection or by suppositories, may be employed. Such 
formulations may be prepared by usual methods commonly employed In this field, and such formulations 
may contain additives commonly employed such as an adjuvant, a stabilizer, an emulsifier, a wetting agent, 
a binder or an excipient The dose is determined by taking into accounts the age, the sex, the body weight, 

55 the sensitivity, the administration method, the time and interval for the administration, the degree of the 
disease, the condition of the patient, the nature of the drug formulation, the type of the formulation and the 
type of the active ingredient. Usually, the dose is within a range of from 1 to 100 mg/kg per day. It is 
preferred that a daily dose of from 5 to 30 mg/kg is divided into from 2 to 4 administrations. 
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EXAMPLES 

The present invention is now illustrated in greater detail by way of Examples, but it should not be 
understood that the present invention is deemed to be limited thereto. 

Silica gel for column chromatography used herein is Wakogel® C-300 (Wakojunyaku), and the reverse 
phase silica gel for column chromatography is LC-SORB® SP-B-ODS (Chemco). Abbreviations used herein 
have the following meanings. 
Me : methyl group 
Et : ethyl group 
Bu : n-butyl group 
Ph : phenyl group 
Tf : trifluoromethanesulfonyl group 
PMB: 4-methoxybenzyl group 
PNB: 4-nitrobenzyl group 
POM: pivaloyloxymethyl group 
MOPS: 3-morpholinopropanesulfonate 



EXAMPLE 1 

1) 4-Nitrobenzyl (5R,6S)-6-((1 R)-1-hydroxyethyl)-2-trifluoromethanesulfonyloxy-1-carbapen-2-em-3-carbox- 
ylate 



OTf 



COOPNB 

Under a nitrogen atmosphere, to a solution of 128 mg (0.368 mmol) of 4-nitrobenzyl (3R,5R,6S)-6-((1 R)~ 
1-hydroxylethyl)-2-oxo-1-carbapenam-3-carboxylate in acetonitrile (3 ml) was added 0.065 ml (0.37 mmol) of 
diisopropylethylamine at -45 *C, followed by 0.062 ml (0.37 mmol) of trifluoromethanesulfonic anhydride, 
and the mixture was stirred for 2 hours at the same temperature. To the reaction mixture was added ethyl 
acetate (3 ml), and the organic layer was washed with saturated aqueous sodium bicarbonate followed by 
saturated aqueous sodium chloride. After the extract was dried over anhydrous magnesium sulfate, the - 
solvent was removed. The residue was purified by silica gel column chromatography (elution with ethyl 
acetate-hexane system) to give 94.6 mg (yield: 53.6%) of the title compound as a viscous oil. 

IR(KBr)cm~ 1 : 1790, 1730, 1520, 1430, 1345, 1220, 1135 

NMR(CDCb) 5: 1.35(3H,d,J = 6Hz), 3.22(2H,d,J=:9Hz), 
3.38(1 H.dd, J =3&7Hz), 4.20-4.40(2H,m), 
5.34&5.50(2H,ABq,J = 13Hz), 7.63(2H,d,J = 9Hz), 
8.25(2H,d,J = 9Hz) 

2) 4-nitrobenzyl (5R,65)-6-((1 R)-1-hydroxyethyl)2-(2-propenyl)-1-carbapen-2-em-3-carboxylate 




Under a nitrogen atmosphere, 92.6 mg (0.193 mmol) of the compound obtained in Example 1-1) r 59.3 
mg (0.436 mmol) of zinc chloride, 2.8 mg (0.0049 mmol) of bis(benzylideneacetone)palladium(0), and 2.3 
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mg (0.0099 mmol) of tri(2-furyl)phosphine was added 75.5 mg (0.228 mmol) of allyl(tri-n-butyl)tin in N- 
methylpyrrolidinone (3 ml), and the mixture was stirred overnight at room temperature. To the reaction 
mixture was added 30 ml of ethyl acetate, and the organic layer was washed with water (50 ml x 2) 
followed by saturated aqueous sodium chloride. After the extract was dried over anhydrous magnesium 
sulfate, and the solvent was removed. The residue was purified by silica gel column chromatography 
(elution with ethyl acetate-hexane system) to give 49.5 mg (yield: 68.7%) of the title compound as a 
colorless crystal. 



UV(CHCI 3 )Xmax: 274 nm (<= = 14,400) 
IRfKBrJcnrr 1 : 1770, 1700, 1520, 1345, 1290 
NMR(CDCI 3 ) 5: 1 .34(3H,d,J = 6Hz), 2.89(2H,dd,J = 5&9Hz), 
3.1 6(1 H,dd,J = 3&7Hz), 3.38(2H,br-t,J = 8Hz) 



EXAMPLE 2 

4-Nitrobenzyl (5R,65)-6((1 R)-1 -hydroxyethyl)-2-vinyl-1 -carbapen-2-em-3-carboxylate 




Under a nitrogen atmosphere, to a solution of 128 mg (0.368 mmol) of 4-nitrobenzyl (5R,65)-6-((1R)-1- 
hydroxyethyl)2-oxo-1-carbapenam-3-carboxylate in acetonitrile (3 ml), followed by 0.065 ml (0.37 mmol) of 
diisopropylethylamine at -45 °C, followed by 0.062 ml (0.37 mmol) of trifluoromethanesulfonic anhydride, 
and the mixture was stirred for 2 hours at the same temperature. To the reaction mixture was added ethyl 
acetate (3 ml), and the organic layer was washed with saturated aqueous sodium bicarbonate followed by 
saturated aqueous sodium chloride. After the extract was dried over anhydrous magnesium sulfate, the 
solvent was removed. The residual triflate was used the next reaction without purification. To 181 mg of this 
crude product was added 108 mg (0.79 mmol) of zinc chloride, 5.1 mg (0.0087 mmol) of bis- 
(benzylideneacetone)palladium(O), and 4.2 mg (0.018 mmol) of tri(2-furyl)phosphine was added a solution of 
132 mg (0.416 mmol) of vinyl(tri-n-butyl)tin in N-methylpyrrolidinone (6 ml), and the mixture was stirred for 
2 hours at room temperature. To the reaction mixture was added ethyl acetate, and the organic layer was 
washed with water followed by saturated aqueous sodium chloride. After the extract was dried over 
anhydrous magnesium sulfate, the solvent was removed. The residue was purified by silica gel column 
chromatography (elution with ethyl acetate-hexane system) to give 60.3 mg (yield: 47.9%) of the title 
compound. 

UV(CHCI 3 )\max: 268 nm (e = 12,1 00), 311 nm ( € = 1 1,900) 
IR(KBr)cm~ 1 : 1760, 1710, 1520, 1340 

NMR(CDCb) 6: 1 37(3H,d,J = 6Hz), 3.06(1 H,d,J - 10Hz), 3.12(1H,d,J = 10Hz), 3.22(1 H.dd, J =3&7Hz), 
4.10-4.40(2H J m), 5.28&5.53(2H,ABq,J = 14Hz), 
5.45(1 H,d, J = 1 7Hz), 5.52(1 H,d, J = 1 1 Hz), 
7.43(1 H,dd,J = 1 1 &17Hz), 7.67(2H,d, J = 9Hz), 
8.25(2H,d,J = 9Hz) 

EXAMPLE 3 

4-Nitrobenzyl (5R,65)-6-((1 R)-1 -hydroxyethyl)-2-vinyl-1 -carbapen-2-em-3-carboxy late 

To the crude product of the triflate obtained in the same manner as in Example 2 was added 113 mg 
(0.83 mmol) of zinc chloride and 9.2 mg (0.0074 mmol) of tetrakis(triphenylphosphine)palladium(0). Under a 
nitrogen atmosphere, to the mixture was added 138 mg (0.435 mmol) of vinyl(tri-n-butyl)tin in N- 
methylpyrrolidinone (6 ml), and the mixture was stirred overnight at room temperature. Subsequent 
operation was carried out in the same manner as in Example 2, and 42.2 mg (yield: 32.0%) of the title 
compound was obtained. IR and NMR data of this product agreed with those of the compound prepared in 
Example 2. 
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EXAMPLE 4 

4-Nitrobenzyl (1 S,5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-viny 1-1 -methylcarbapen-2-em-3-carboxylate 



6 




41.7 mg (yield: 30.5%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R,3R,5R,6S)- 
6-((1R)-1-hydroxyethyl)-1-methyl-2-oxo-1-carbapenam-3-carboxylate and 138 mg of vinyl(tri-n-butyl)tin in the 
same manner as in Example 2. 
is IR(KBr)cm~~ 1 : 1750, 1710, 1520, 1340, 1300 

NMR(CDCI 3 ) 6: 1 .24(3H,d,J = 7Hz), 1 .37(3H,d,J = 6Hz), 
3.30(1 H,dd, J = 3&7Hz), 3.48(1 H,m), 4.16-4.38(2H,m), 
5.28&5.52(2H, ABq,J = 1 4Hz), 5.54(1 H,d,J = 1 1 Hz), 
5.61 (1 H,d,J = 1 8Hz), 7.38(1 H.dd, J = 1 1 &1 7Hz), 
20 7.69(2H,d,J = 8Hz), 8.25(2H,d,J = 8Hz) 

EXAMPLE 5 

4-Methoxybenzyl (1 S,5R,6S)-6-,((1 R)-1 -hydroxyethyl)-2-vinyl-1 -methy lcarbapen-2-em-3carboxylate 



30 




Under a nitrogen atmosphere, to a solution of 128 mg (0.368 mmol) of 4-methoxybenzyl (1R,3R,5R,6S)- 
6-((1R)-1-hydroxyethyl)-1 -methy l-2-oxo-1-carbapenam-3-carboxy late in acetonitrile (3 ml) was added 0.065 

35 ml (0.37 mmol) of diisopropylethylamine at -45° C, followed by 0.062 ml (0.37 mmol) of trifluoromethanesul- 
fonic anhydride, and the reaction mixture was stirred for 2 hours at the same temperature..To the reaction 
mixture was added ethyl acetate, and the organic layer was washed with saturated aqueous sodium 
bicarbonate followed by saturated aqueous sodium chloride. After the extract was dried over anhydrous 
magnesium sulfate, the solvent was removed. Under a nitrogen atmosphere, to a solution of 113 mg (0.83 

40 mmol) of zinc chloride, 5.3 mg (0.0091 mmol) of bis(dibenzylideneacetone)palladium(0) and 4.4 mg (0.0185 
mmol) of tri(2-furyl)phosphine in N-methylpyrroiidinone (3ml) was added a solution of the residual triflate 
and 132 mg (0.416 mmol) of vinyl(tri-n-butyl)tin in N-methylpyrrolidinone (3 ml) at -20° C, and the mixture 
was stirred for 2 hours at room temperature. To the reaction mixture was added ethyl acetate, and the 
organic layer was washed with water followed by saturated aqueous sodium chloride. After the extract was 

45 dried over anhydrous magnesium sulfate, the solvent was removed. The residue was purified by silica gel 
column chromatography (eiution with ethyl acetate-hexane system) to give 35.5 mg (yield: 27%) of the title 
compound. 

IR(KBr)cm- 1 : 1760, 1615, 1520 

NMR(CDCI 3 ) * 1.20(3H,d,J =6Hz), 1 .36(3H,d.J = 6Hz), 
50 3.24(1 H,dd,J = 3&7Hz), 3.42(1 H,m), 4.00-4.30(2H,m), 
5.21 &5.30(2H,ABq, J = 1 2Hz), 5.46(1 H,d, J ■ 1 1 Hz), 
5.53(1 H.d.J = 17Hz), 6.90(2H,d,J =9Hz), 
7.35(1 H.dd, J = 1 1 &1 7Hz), 7.42(2H,d, J = 9Hz) 

55 EXAMPLE 6 

4-Nitrobenzyl (5R,6S)-2-(cyclohepten-1 -yl)-6-((1 R)-1 -hydroxyethyi)-1 -carbapen-2-em-3-carboxylate 
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1) Tf 2° 



COOPNB 



2) (>SnBu3 0 , 




COOPNB 



Under a nitrogen atmosphere, to a solution of 348 mg (1 mmol) of 4-nitrobenzyl (3R f 5R,6S)-6-((1R)-1- 
hydroxyethyl)-2-oxo-1-carbapenam-3-carboxyiate in THF (5 mi) was added 0.154 ml (1.1 mmol) of 
diisopropylamine at -78* C, and the mixture was stirred for 10 minutes. To the mixture was added 0.189 ml 
(1.08 mmol) of trifluoroacetic anhydride at the same temperature. After 15 minutes, to the mixture was 
added 5 ml of N-methylpyrrolidinone followed by. 20.7 mg of tris(dibenzylideneacetone)dipalladium-chlo- 
roform, 42.5 mg (0.08 mmol) of tris(2 i 4,6-trimethoxyphenyl)phosphine, a solution of 389 mg (1.01 mmol) of 
cyclohepten-1-yl(tri-n-butyl)tin in N-methylpyrrolidinone (1 ml) and a solution of 225 mg (1.66 mmol) of N- 
methylpyrrolidinone (2 ml). The -78 °C bath was removed and the reaction mixture quickly raised to 
ambient temperature using a lukewarm water bath, and the mixture was stirred overnight at room 
temperature. The reaction mixture was poured into ethyl ether and the organic layer was washed with water 
followed by saturated aqueous sodium chloride. After the extract was dried over anhydrous magnesium 
sulfate, the solvent was removed. The residue was purified by silica gel column chromatography (elution 
with ethyl acetatehexane system) to give 148 mg (yield: 34.7%) of the title compound. 

IR(KBr)cm" 1 : 1765, 1730, 1600, 1440, 1340 

NMR(CDCI 3 ) «: 1.36(31-1^ =6Hz), 1 .40-1 .82(6H,m), 
2.14-2.34(4H,m), 3.04(2H,m) f 3.18(1H l dd,J = 3&7Hz), 
4.04-4.34(2H,m), 5.26&5.45(2H,ABq,J = 14Hz), 
6.00(1 H,t, J - 8Hz), 7.64(2H,d,J = 9Hz), 
8.24(2H,d,J = 9Hz) 

EXAMPLE 7 



4-Nitrobenzyl (1 S,5R,6S)-2-(cyclohepten-1 -yl)-6-((1 RH -hydroxyethylM -methylcarbapen-2-em-3-carbox- 



ylate 




1) Tf 2° 



OH 



COOPNB 



2) OsnBu 3 o^ _N 




COOPNB 



169 mg (yield: 38.4%) of the title compound was obtained from 362 mg of 4-nitrobenzyl (1 R,3R,5R,6S)- 
6-((1R)-1-hydroxyethyl)-1-methyl-2-oxo-1-carbapenam-3-carboxylate and 389 mg of cyclohepten-1 -yl(tri-n- 
butyl)tin in the same manner as in Example 6. 

IRtKBrJcm- 1 : 1770, 1730, 1605, 1520, 1430, 1340 

NMR(CDCI 3 ) 5: 1.13(3H,d,J=8Hz), 1.36(3H,d,J = 6Hz), 
1.40-1.88(6H,m), 2.10-2.32(4H,m), 3.20(1 H,m), 
3.29(1 H,dd,J = 3&7Hz), 4.1 6-4.42(2H,m). 
5.22&5.46(2H,ABq.J = 1 4Hz), 7.64(2H,d, J = 9Hz). 
8.24(2H,d.J = 9Hz) 

EXAMPLE 8 

4-Nitrobenzyl (5R,6S)-2-(4-dimethylaminocarbonylphenyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3- 
carboxylate 
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O D Tf 2° 



OH 



v ,2) Bu 3 Sn 
COOPNB 




CONMe f 



COOPNB 



10 



15 



20 



25 



Under a nitrogen atmosphere, to a solution of 128 mg (0.368 mmoi) of 4-nitrobensyl (3R,5R,6S)-6-((1 R)- 
1-hydroxyethyl)-2-oxo-carbapenam-3-carboxylate in acetonitrile (3 ml) was added 0.065 ml (0.37 mmol) of 
diisopropylethylamine followed by 0.062 ml (0.37 mmol) of trifluoromethanesulfonic anhydride at -45° C, and 
the mixture was stirred for 30 minutes. To the mixture was added ethyl acetate, and the organic layer was 
washed with saturated aqueous sodium bicarbonate followed by saturated aqueous sodium chloride. After 
the extract was dried over anhydrous magnesium sulfate, the solvent was removed. To the crude triflate 
was added 113 mg (0.83 mmol) of zinc chloride, 5.3 mg (0.0091 mmol) of bis(benzylideneacetone)- 
palladium(0) and 4.4 mg (0.019 mmol) tri(2-furyl)phosphine Under a nitrogen atmosphere, to the mixture 
was added a solution of 191 mg (0.4436 mmol) of (4-dimethylaminocarbonylphenyl)tri-n-butyltin in N- 
methylpyrrolidinone (6 ml), and the mixture was stirred for 2 hours at room temperature. To the reaction 
mixture was added ethyl acetate, and the organic layer was washed with water (50 ml X 2) followed by 
saturated aqueous sodium chloride. After the extract was dried over anhydrous magnesium sulfate, the 
solvent was removed. The residue was purified by silica gel column chromatography (elution with 3% 
methanol-chloroform) to give 9.1 mg (yield: 27.9%) of the title compound. 

IR(KBr)cm~ 1 : 1760, 1720, 1620, 1520, 1340, 1270, 1190 

NMR(CDCI 3 ) B: 1 .40(3H,d,J = 6Hz), 3.00(3H,br-s), 
3.13(3H,br-s), 3.10-3.30(3H,m), 4.20-4.40(2H,m), 
5.22&5.41 (2H,ABq, J = 1 4Hz), 7.41 (4H,s), 
7.51 (2H,d. J - 9Hz), 8.21 (2H.d, J = 9Hz) 



30 



EXAMPLE 9 

4-Nitrobenzyl (5R,6S)-2-(4-carbamoylphenyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 



35 




O Tf 2 ° 



OH 



2) Bu 3 Sn -O- CONH 
''COOPNB 0 { 




CONH, 



COOPNB 



105 mg (yield: 46.5%) of the title compound was obtained from 174 mg of 4-nitrobenzyl (3R,5R,66)-1 -(- 
40 (1R)-1-hydroxyethyI)-2-oxo-1-carbapenam-3-carboxylate and 226 mg of (4carbamoylphenyl)tri-n-butyltin in 
the same manner as in Example 8. 

NMR(CDCI 3 ) B: 1.4(3H,d,J=7Hz), 3.2-3.4(3H,m), 
4.25(1 H,m), 4.4(1 H,dd, J = 3&9Hz), 
5.1 2&5.32(2H,ABq,J = 1 4Hz), 6.0-6.3(2H,bd) f 
45 7.42(2H,d,J = 8Hz), 7.46(2H,d,J = 8Hz), 
7.78(2H,d,J = 8Hz), 8.1 8(2H,d,J = 8Hz) 



EXAMPLE 10 
4-Nitrobenzyl 
so ylate 



(1 S,5R,6S)-2-(4-carbamoylphenyl)-6-((1 R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em-3-carbox- 



55 




O i)Tf 2 Q 



2) Bu 3 Sn-0- CONH 2 
''COOPNB ° 




CONH, 



COOPNB 
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112 mg (yield: 30%) of the title compound was obtained from 295 mg of 4-nitrobenzyl (1 R^R^R^SJ-e- 
((1R)-1-hydroxyethy!)-1-methyl-2-oxo-1-carbapenam-3-carboxylate and 399 mg of (4-carbamoylphenyl)tri-n- 
butyltin in the same manner as in Example 8. 

NMR(DMSO-ds) 5: 1.06(3H,d,J = 6Hz), 1 .34(3H,d f J = 7Hz), 
5 3.36-3.50(3H.m), 4.32(1 H,m), 4.44(1 H,dd,J = 3&9Hz), 
5.09&5.32(2H,ABq, J = 1 5Hz). 6.3(1 H.bs), 
6.52(1 H,bs), 7.38(4H,d,J = 8Hz), 7.82(2H,d,J =8Hz), 
8.03(2H.d,J = 8Hz) 

w EXAMPLE 11 

4-Nitrobenzyl (5R, 6S)-2-(2-carbamoyl-4-thienyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 



75 




1) 



Tf 2 0 



OH 



2) Bu 3 Sn^XcONH 2 
COOPNB 




CONHg 
COOPNB 



20 



25 



110 mg (yield: 34%) of the title compound was obtained from 250 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(lR)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate in the same manner as in Example 8. 

NMR(DMSO-ds) S: 1 .2(3H,d,J - 7Hz), 3.4(3H,m), 
4.06(1 H,dd, J = 3&9Hz), 4.1 8(1 H,m), 
5.08(1 H.bd, J = 5Hz), 5.22&5.56(2H, ABq. J = 1 6Hz), 
7.5(1 H,bs) f 7.55(1 H,d,J = 4Hz), 7.72(1 H,d, J = 4Hz), 
7.78(2H,d,J=9Hz), 8.09(1H f bs), 8.15(2H,d,J =9Hz) 



30 EXAMPLE 12 

4-Nitrobenzyl (5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-methyl-1 -carbapen-2-em-3-carboxylate 



35 




53.4 mg (yield: 41.9%) of, the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R.6S)-6- 
((1R)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxyIate and 77.9 mg of tetramethyltin in the same manner 
as in Example 2 except that the coupling reaction time was changed to overnight. 
IR(KBr)cm~ 1 : 1765, 1715, 1520, 1350, 1330 
45 NMR(CDCfe) 5: 1 .36(3H,d,J = 6Hz), 2.17(3H,s), 
2.89(2H,dd, J = 1 &1 0Hz), 3.1 6(1 H,dd, J = 3&7Hz), 
4.10-4.40(2H,m), 5.25&5.50(2H,ABq,J = 14Hz), 
7.66(2H,d,J = 9Hz), 8.24(2H,d t J = 9Hz) 

50 EXAMPLE 13 

4-Nitrobenzyl (5R.6S)-6-((1 R)-1 -hydroxyethy l)-1 -carbapen-2-em-3-carboxylate 



55 
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COOPNB 



58.4 mg (yield: 23.9%) of the title compound was obtained from 256 mg of 4-nltrobenzyl (SR.SR.eS)^-^ 
(!R)-1-hydroxyethyl)-2-oxo-carbapenam-3-carboxyIate and 0.99 ml of tri-n-butyltin hydride in the same 
manner as in Example 2 except that the coupling reaction time was changed to overnight. 

IR(KBr)cm~ 1 : 1780, 1730, 1610, 1520, 1350 

NMR(CDCI 3 ) B: 1.36(3H,d,J = 6Hz), 2.70-3.20(2H,m), 
3.25(1 H.dd, J = 3&7Hz), 4.1 0-4.40(2H,m), 
5.30&5.48(2H,ABq,J - 14Hz), 6.60(1 H,m), 
7.64(2H,d, J = 9Hz), 8.26(2H,d, J = 9Hz) 

EXAMPLE 14 

4-Nitrobenzyl (5R,6S)-2-benzyl-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxy late 




OH 

O 1) Tf 2 Q J. 

2) Th^H^SnBuv ' J— N 
COOPNB 4 O 



H 




CH 2 Ph 



COOPNB 



83.3 mg (yield: 53.6%) of the title compound obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-((1 R)- 
1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 166 mg of benzyl(tri-n-butyl)tin in the same manner 
as in Example 2 except that the coupling reaction time was changed to overnight. 

IR(KBr)cm~ 1 : 1770, 1720, 1520, 1350, 1330, 1280 

NMR(CDCIs) 8: 1 .32(3H,d, J = 6Hz), 2.78(2H,dd,J = 5&9Hz), 
3.1 2(1 H,dd,J = 3&7Hz), 3.92&4.05(2H,ABq,J = 15Hz), 
4.06-4.35(2H,m), 5.30&5.55(2H,ABq,J = 15Hz), 
7.10-7.40(5H,m). 7.68(2H,d.J = 9Hz), 
8.25(2H,d,J=9Hz) 



EXAMPLE 15 

4-Nitrobenzyl (5R,6S)-6-((1 R)1 -hydroxyethy l)-2-methoxymethyM -carbapen-2-em-3-carboxylate 




1) Tf 2° 



2) MeOCH 2 SnBu 3 



COOPNB 




45.3 mg (yield: 32.7%) of the title compound was obtained from 4-nitrobenzyl (3R,5R,6S)-6-((1R)-1- 
hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 146 mg of methoxymethyl(tri-n-butyl)tin in the same 
manner as in Example 2 except that the coupling reaction time was changed to 3 days. 

IRfKBrJcm- 1 : 1770, 1610, 1520, 1450, 1350 

NMR(CDCI 3 ) * 1 .34(3H,d,J = 6Hz), 2.79-3. 03(2H,m), 
3.22(1 H,dt, J = 2&7Hz), 3.35(3H,s), 
4.00-4.38(2H,m), 4.35&4.60(2H,ABq,J = 1 4Hz), 
5.26&5.50(2H,ABq,J = 14Hz), 7.66(2H,d,J =9Hz), 
8.24(2H,d,J = 9Hz) 
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EXAMPLE 16 

4-Nitrobenzyl (1 S,5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -propynyl)-1 -methylcarbapen-2-em-3-carboxylate 




200 mg (yield: 48.7%) of the title compound was obtained from 387 mg of 4-nitrobenzyl (1 R.3R.5R.6S)- 
e-((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapen-2-em-3-carboxylate and 413 mg of (1-propynyl)tri-n-butyltin 
in the same manner as in Example 2. 

NMR(CDCI 3 ) S: 1 .2(3H,d,J = 6Hz), 1.3(3H,d.J = 6Hz), 
2.07(3H,s). 3.08(1 H,m), 3.34(1 H.dd.J = 3&6Hz), 
4.23(1 H.m), 4.29(1 H.dd,J=3&9Hz). 
5.2&5.4(2H,ABq,J = 1 5Hz), 7.68(2H.d, J = 8Hz), 
8.22(2H.d,J = 8Hz) 

EXAMPLE 17 

4-Nitrobenzyl (5R.6S)-2-(3.3-dimethyl-1 -butynyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 




OH „ 



1) Tf 2 0 



A>v c ' c " a!e3 




2) MeoC-CEC-SnBuo ^ ^ 
'"'^ - ■ ^COOPNB 

COOPNB . u 

95.1 mg (31.4 %) of the title compound was obtained from 256 mg of 4-nitrobenzyl (3R,5R,6SHH(1 R)- 
1- hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 328 mg of (3 f 3-dimethyl-1-butynyl)tri-n-butyltin in 
the same manner as in Example 2. 

NMR(CDCI 3 ) 5: 1.22(9H f s), 1 .34(3H,d,J = 7Hz), 
2.4(2H,bs), 3.22(1 H,dd,J = 3&6Hz), 
4.22(1 H.dd, J = 3&9Hz), 4.82(1 H.bs), 
5.3&5.5(2H,ABq,J = 14Hz), 7.62(2H,d,J =8Hz), 
8.2(2H,d,J = 8Hz) 

EXAMPLE 18 

4-Nitrobenzyl (5R,6S)-2-N,N-dimethyIcarbamoylethynyl-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-em-3carboxylate 




1) Tf 2° 



!. 2) Bu-,SnC=C-CONMe 



COOPN 



B 




CsC-CONMe 2 



COOPNB 



158 mg (yield: 46.1%) of the title compound was obtained from 348 mg of 4-nitrobenzyl (3R.5R,6S)-6-(- 
(1R)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 618 mg of N.N-dimethylcarbamoylethynyl(tri-n- 
butyl)tin in the same manner as in Example 2. 

NMR(CDCI 3 ) 8: 1 .38(3H.d,J = 7Hz). 3.02(3H.s), 
3.16(2H,t.J = 9Hz), 3.04(3H,s), 
3.38(1 H,dd,J = 3&6Hz), 4.28(1 H.m), 
4.4(1 H.dd. J = 3&9Hz), 5.32&5.54(2H.ABq, J = 1 4Hz), 
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10 



15 



30 



7.69(2H,d.J = 8Hz), 8.28(2H,d. J = 8Hz) 
EXAMPLE 19 

Sodium (5R,6S)-6-((1 R)-1 -hydroxy ethyl)-2-viny 1-1 - carbapen-2-em-3-carboxy!ate 





COOPN8 u COONa 



To a solution of 55.5 mg (0.0156 mmol) of the compound prepared in Example 2 in THF (7 ml) was 
added 1 .9 ml of 1 M aqueous ammonium chloride followed by 236 mg of iron powder under ice-cooling ( and 
the mixture was stirred. After 20 minutes, to the mixture was added again 0.14 ml of 1M aqueous 
ammonium chloride and 236 mg of iron powder. The mixture was stirred for 40 minutes under ice-cooling, 

20 and then for 2 hours at room temperature. After an insoluble matter was removed by filtration, to the 
solution was added 5 ml of 0.1 M phosphate buffer (pH 7.0) and 30 ml of chloroform, and the aqueous layer 
was separated. The aqueous layer was washed again with 30 ml of chloroform, and purified by reverse 
phase silica gel column chromatography (elution with water). The desired fraction was collected and 
lyophilized to give 20.7 mg (yield: 54. 2%) of the title compound. 

25 UVXmax (0.1 M MOPS buffer, pH 7.0): 294 nm (e = 4,900) 
IR(KBr)cm" 1 : 1760, 1620, 1400 

NMR(D 2 0) 6: 1.21(3H,d,J = 6Hz), 2.97(2H,d,J = 10Hz), 
2.32(1 H.dd.J = 2&6Hz), 4.03-4.32(2H,m), 
5.31 (1 H,d, J = 1 2Hz), 5.46 (1 H,d, J = 1 7Hz), 



7.13(1 H,dd,J = 12&17Hz) 
EXAMPLE 20 

Sodium (1 S,5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-viny 1-1 -methylcarbapen-2-em-3-carboxy late 



35 




45 

To the mixed solvent of 1 .4 ml of anisole and 0.2 ml of dichloromethane was added 50.5 mg (0.38 
mmol) of anhydrous aluminium chloride, and the mixture was cooled to -60° C. To this mixture was added a 
solution of 33.7 mg (0.0944 mmol) of the compound prepared in Example 5 in 1 A ml of anisole and 0.2 ml 
of dichloromethane, and the mixture was stirred for 30 minutes at the same temperature. And then, to the 

so mixture was added a solution of 143 mg (1.7 mmol) of sodium bicarbonate in 4 ml of 0.1 M phosphate 
buffer (pH 7.0), and the mixture was stirred for 30 minutes under ice-cooling. After the reaction mixture was 
filtered, the filtration was washed twice with dichloromethane. The aqueous layer was separated, and 
purified by reverse phase silica gel column chromatography (elution with 10 % methanol-water) to give 5.74 
mg (yield: 23.5%) of the title compound. 

55 UVXmax (0.1 M MOPS buffer, pH 7.0): 298 nm (e-8,900) 
IR(KBr)cm' 1 : 1750, 1600, 1400 

NMR( D z O ) 8: 1.15(3H,d.J = 6Hz), 1 .29(3H,d,J « 6Hz), 
3.33-3.55(2H,m), 4.15(1H,dd,J = 2&8Hz), 4.23(1 H,m), 
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5.40(1 H,d.J = 1 1 Hz), 5.55(1 H,d,J = 1 8Hz), 
7.13(1 H,dd,J = 11&18Hz) 

EXAMPLE 21 

Sodium (1 S,5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-vinyl-1 -methylcarbapen-2-em-3-carboxylate 




9.8 mg (yield: 34.496) of the title compound was obtained from 41 mg of the compound prepared in 
Example 4 in the same manner as in Example 19. Physical data of this compound agreed with the data of 
the compound prepared in Example 20. 

EXAMPLE 22 

4-Nitrobenzyl (5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -methylvinyl)-1 -carbapen-2-em-3-carboxylate 




582 mg (yield: 42.5%) of the title compound was obtained from 1.28 g of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1R)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 1.44 g of 1-methylvinyl(tri-n-butyl)tin in the 
same manner as in Example 2 except that the coupling reaction condition was changed to room 
temperature overnight followed by at 50* C for 1 hour. 

!R(KBr)cm~ 1 : 1780, 1730, 1520, 1340 1.92(3H,s), 

NMR(CDCI 3 ) 5: 1 .35(3H,d.J = 6Hz), 3.07(1 H,d,J - 10Hz), 3.10(1 H,d,J = 9Hz), 
3.24(1 H,dd, J = 3&7Hz), 4.14-4.36(2H,m), 5.08(1 H,s), 
5.1 8(1 H,s), 5.29&5.45(2H,ABq,J = 1 3Hz), 
7.65(2H,d,J - 9Hz), 8.24(2H,d, J = 9Hz) 

EXAMPLE 23 

Sodium (5R,6S)-6-((1 R)-1 -hydroxyethy !)-2-(1 -methy Iviny l)-1 -carbapen-2-em-3-carboxylate 




84.4 mg (yield: 27.9%) of the title compound was obtained from 436 mg of the compound prepared in 
Example 22 in the same manner as in Example 19. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 287 nm ( € = 5,300) 
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IR(KBr)cm~~ 1 : 1750, 1600, 1400, 1130, 1080 

NMR(D 2 0) 5: 1 .25(3H,d,J = 6Hz) r 1.90(3H.s), 
2.95(1 H,d,J = 10Hz), 3.03(1 H.d.J =8Hz), 
3.41 (1 H,dd,J = 3&6Hz), 4.08-4.25(2H ( m) p 
4.96(1 H,s), 5.02(1 H,s) 

EXAMPLE 24 

4-Nitrobenzy I (1 S,5R,6S)-1 -((1 R)-1 -hydroxyethy l)-2-(1 -methylviny l)-1 -methy lcarbapen-2-em-3-carboxylate 




54.5 mg (yield: 38.5%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R,3R,5R t 6S)- 
6-((1R)-1 -hydroxyethy l)-2-oxo-1-methylcarbapenam-3-carboxy late and 144 mg of 1 -methylviny l(tri-n-butyl)tin 
in the same manner as in Example 2 except that the coupling reaction condition was changed to room 
temperature overnight followed by at 50° C for 1 hour. 

IRfKBrJcm- 1 : 1770. 1730. 1520, 1350 

NMR(CDCI 3 )5: 1.16(3H,d,J = 7Hz), 1.36(3H,d.J = 6Hz), 
1.93(3H.s). 3.24(1 H,dd, J =7&10Hz), 
3.32(1 H.dd.J = 3&7Hz), 4.20-4.39(2H,m), 
5.02(1 H.s), 5.23(1 H,s), 5.26&5.46(2H,ABq,J = 14Hz). 
7.66(2H.d, J = 9Hz). 8.25(2H,d.J = 9Hz) 

EXAMPLE 25 

Sodium (1 S.5R.6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -methylviny l)-1 -methy lcarbapen-2-em-3-carboxy late 




23.5 mg (44.8 %) of the title compound was obtained from 74.2 mg of the compound prepared in 
Example 24 in the same manner as in Example 19. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 284 nm (e = 5,600) 

IR(KBr)cm~ 1 : 1750, 1640, 1620, 1400 

NMR(D 2 0) 5: 1.10(3H,d,J = 7Hz), 1 .27(3H,d,J = 6Hz), 
1.90(3H,s), 3.27(1 H.m), 3.41(1H.dd,J = 2&6Hz), 
4.15(1H,dd,J = 2&9Hz), 4.22(1 H.m), 5.08(2H,s) 

EXAMPLE 26 

Pivaloyloxymethyl (1 S.5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -methylvinyl)-1 -methylcarbapen-2-em-3-car- 
boxylate 
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51.6 mg (yield: 32.4%) of the title compound was obtained from 152 mg of pivaloyloxymethyl 
(1S,5R,6S)-6-((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxylate and 171 mg of 1-methylvinyl- 
(tri-n-butyl)tin in the same manner as in Example 2 except that the coupling reaction condition was changed 
to room temperature overnight followed by at 50° C for 1 hour. 

IR(KBr)cm~ 1 1780. 1760, 1280, 1200, 1120 

NMR(CDCI 3 ) 5: 1.15(3H,d,J = 7Hz), 1.21(9H,s), 
1 .33(3H,d,J = 6Hz), 1 .91 (3H,s), 
3.22(1 H.dd.J = 7&10Hz), 3.29(1 H,dd,J = 3&7Hz). 
4.10-4.32(2H,m), 4.99(1 H,s), 5.19(1 H p s), 
5.84&5.91 (2H,ABq,J = 7Hz) 

EXAMPLE 27 

4-Nitrobenzyl (1 S.5R.6S)-6-((1 R)-1 -hydroxyethyl)-2-(2- methyl-1 -propenyl)-1 -methylcarbapen-2-em-3- 
carboxylate 




1) 



Tf 2 0 



2) 



COOPNB 



SnBU3 Q ^ 




COOPNB 



60.8 mg (yield: 41.4%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R,3R,5R,6S)- 
6-((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxylate and 150 mg of 2-methyl-1-propenyl(tri-n- 
butyl)tin in the same manner as in Example 2 except that the coupling reaction time was changed to 
overnight. 

IR(KBr)cm-*: 1770. 1710, 1520, 1340 

NMR(CDCI 3 ) 5: 1 .1 4(3H,d.J = 7Hz). 1 ,37(3H,d,J = 6Hz), 
1 .81 (3H.s), 1 .91 (3H,s), 3.28(1 H.dd.J = 3&7Hz), 
3.49(1 H.m). 4.16-4.44(2H,m), 
5.27&5.50(2H,ABq,J = 1 4Hz), 6.50(1 H.s), 
7.69(2H,d,J = 9Hz), 8.25(2H,d,J = 9Hz) 

EXAMPLE 28 

Sodium (1 S,5R.6S)-6-((1 R)-1 -hydroxy ethyl)-2-(2-methy 1-1 -propenylM-methylcarbapen-2-em-3-carboxy late 




17.8 mg (yield: 41.1%) of the title compound was obtained from 60.5 mg of the compound prepared in 
Example 27 in the same manner as in Example 19. 
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UVXmax (0.1 M MOPS buffer, pH 7.0): 297 nm (* = 6,000) 

IR(KBr)cm~ 1 : 1750, 1620, 1400 

NMR(D 2 0) 5: 1.05(3H,d,J = 7Hz), 1.26(3H,d,J»6Hz) a 
1.69(3H,s), 1.81(3H,s), 3.22(1 H,m), 
3.34(1 H.dd,J = 2&6Hz), 4.12(1H,dd,J = 2&10Hz), 
4.21 (1H,m), 6.06(1 H,s) 

Example 29 

4-Nitrobenzyl (5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -propeny l)-1 -carbapen-2-em-3-carboxy late 



OH 



H 

3 

i. 




-N 



■°,) Tf 20 



OH 

A 



2) Me-CH = CHS11BU3 




COOPNB 



H - CH - Me 



COOPNB 



84.7 mg (yield: 61.9%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1R)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 144 mg of 1 -propeny !(tri-n-butyl)tin (transrcis 
= ca. 1:1) in the same manner as in Example 2. 

IR(KBr)cm _1 : 1770, 1710, 1520, 1340, 1290 

NMR(CDCIa) 5: 1 .38&1 .39(total 3H. both d,J=6Hz), 
1.77(3 x 1/3H,d,J = 4Hz), 1.92(3 X 2/3H.d, J =6Hz). 
2.86-3.42(3H,m), 4.1 2-4.38(2H l m) f 
5.28&5.29(total 1H, both d,J = 14Hz), 
5.54 & 5.55(total 1H,both d,J-14Hz), 
5.78-6.16(1 H,m), 

6.70&6.71 (total 2H, both d,J = 9Hz), 

7.00(1 x 1/3H,d,J = 13Hz), 

7.20(1 x 2/3H,d,J = 16Hz), 8.26(2H,d,J =9Hz) 



EXAMPLE 30 

Sodium (5R,6S)-6-((1 R)-1 -hydroxyethy l)-2-(1 -propeny 1)-1 -carbapen-2-em-3-carboxy late 




Deprotection reaction of 84.6 mg of the compound prepared in Example 29 was carried out in the same 
manner as in Example 19. 16.4 mg (yield: 27.9%) of the E isomer of the title compound was obtained by 
the separation and purification using reverse phase silica gel column chromatography. Because the 
separation was not sufficient, the pure Z isomer of the title compound could not be isolated, but 3.7 mg of 
the E/Z mixture was obtained. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 297 nm ( € = 4,400) 

IR(KBr)cm~ 1 : 1750, 1620, 1400 

NMR(D z O) 5: 1 .24(3H,d,J = 7Hz), 1.80(3H,dd,J = 1&7Hz), 
3.00(2H,d, J = 9Hz), 3.31 (1 H.dd, J = 3&6Hz), 
4.00-4.28(2H,m), 5.95(1 H,m), 6.93(1 H,d,J ■ 16Hz) 

EXAMPLE 31 
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4-Nitroberizyl (1 S,5R,6S)-6-((1 R)-1 -hydroxyethyl)-2-(1 -propeny l)-1 -methylcarbapen-2-em-3-carboxylate 




78.4 mg (yield: 55.3%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R^R.SR.eS)- 
6-((1R)1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxylate and 144 mg of 1-propenyl(tri-n-butyl)tin 
(trans:cis = ca.1:1) in the same manner as in Example 2 except that the coupling reaction time was 
changed to overnight 

IR(KBr)cm- 1 : 1770, 1710, 1520, 1340, 1300, 1200 

NMR(CDCI 3 ) 8: 1.17(3H,d,J = 7Hz), 1.37(3H f d,J = 6Hz), 
1 .86(3 x 2/3H,dd,J = 2&7Hz), 
1.92(3 x 1/3H,dd,J = 2&7Hz), 3.22-3.66(2H,m), 
4.07-4.43(2H,m). 5.27(1 H,d,J = 14Hz). 
5.50&5.52(total 1H, both d,J = 14Hz), 
5.79-6.29(1 H,m), 6.74(1 x 2/3H,d, J = 1 2Hz), 
7.14(1 x 1/3H,d,J = 16Hz) 
7.70&7.71 (total 2H, both d,J=9Hz), 
8.24(2H,d,J = 9Hz) 

EXAMPLE 32 

Sodium (1 S,5R,6S)-6-((1 R)-(1 -hydroxyethy1-)2-1 -propenyl)-1 -methylcarbapen-2-em-3-carboxylate 




Deprotection reaction of 75.9 mg of the compound prepared in Example 31 was carried out in the same 
manner as in Example 19. 12.9 mg (yield: 24.0%) of the Z isomer of the title compound was obtained by 
the separation and purification using reverse phase silica ge! column chromatography. Because the 
separation was not sufficient, the pure E form could not obtained, but 8.4 mg of the E/Z mixture was 
obtained. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 295 nm (e = 6,600) 

IRfKBOcm- 1 : 1750, 1600, 1410 

NMR(D 2 0) 5: 1 ,06(3H,d,J = 7Hz), 1 .25(3H.d, J = 6Hz), 
1.69(3H,dd,J = 2&7Hz), 3.29(1 H,m), 
3.35(1 H.dd, J = 3&7Hz), 4.1 3(1 H.dd, J ■ 3&1 1 Hz), 
4.20(1 H.m). 5.62-5.86(1 H.m). 6.28(1 H,dd,2&1 2Hz) 

EXAMPLE 33 

4-Nitrobenzyl (5R,6S)-2-((E)-2-carbamoylviny l)-6((1 R)-1 -hydroxyethy l)-1 -carbapen-2-em-3-carboxylate 
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* OH H 

Under a nitrogen atmosphere, to a solution of 128 mg (0.367 mmol) of 4-nitrobenzyl (5R,6S)-2-oxo-6-(- 
(1R)-1-hydroxyethyl)-1-carbapenam-3-carboxylate in acetonitrile (3ml) was added 0.065 ml (0.37 mmol) of 

10 diisopropylethylamine at -45 * C, followed by 0.062 ml (0.37 mmol) of trifluoromethanesulfonic anhydride, 
and the mixture was stirred at -40 - -30° C for 30 minutes. To the reaction mixture was added ethyl acetate 
(3 ml), and the organic layer was washed with saturated aqueous sodium bicarbonate followed by saturated 
aqueous sodium chloride. After the extract was dried over anhydrous magnesium sulfate, the solvent was 
removed. The residual triflate was used the next reaction without purification. To this crude product was 

75 added 113 mg (0.83 mmol) of zinc chloride, 5.3 mg (0.0091 mmol) of bis(benzylideneacetone)palladium(0), 
and 4.4 mg (0.0185 mmol) of tri(2-furyl)phosphine. Under a nitrogen atmosphere, a solution of 157 mg 
(0.436 mmol) of carbamoylvinyl(tri-n-butyl)tin in N-methylpyrrolidinone (6 ml) was added, and the mixture 
was stirred for 2 hours at room temperature. To the reaction mixture was added ethyl acetate, and the 
organic layer was washed with water followed by saturated aqueous sodium chloride. After the extract was 

20 dried over anhydrous magnesium sulfate, the solvent was removed. The residue was purified by silica gel 
column chromatography (elution with methanol-chloroform system) to give 50.5 mg (yield: 34.3 %) of the 
title compound. 

IR(KBr)cm~ 1 : 1780, 1720, 1650, 1600, 1520, 1340. 1270 
NMR(CDCI 3 -CD 3 OD) 5: 1 .35(3H t d, J = 6Hz), 

25 3.1 6(2H,dd, J = 4&6Hz), 3.30(1 H,dd,J = 3&7Hz), 
4.10-4.38(2H,m), 5.38&5.56(2H,ABq.J = 13Hz), 
6.21 (1 H.d.J = 1 5Hz), 7.74(2H,d, J = 8Hz), 
8.21 (1 H.d, J = 1 5Hz), 8.27(2H,d, J « 8Hz) 

30 EXAMPLE 34 

Sodium (5R,6S)-2-((E)-2-carbamoy Iviny l)-6-((1 R)-1 - hydroxyethy l)-1 -carbapen-2-em-3-carboxy!ate 



40 



OH H 9 H H 

cr COOPNB 0 C00Na 



ONH, 



To a solution of 50.5 mg (0.126 mmol) of the compound prepared in Example 33 in THF (5.5 ml) was 
added 1.5 ml of 1M aqueous ammonium chloride followed by iron 191 mg of iron powder under ice-cooling, 
and the mixture was stirred for 20 minutes at the same temperature and then for 20 minutes at room 
45 temperature. The operation, addition of 191 mg of iron powder and then stirring for minutes at room 
temperature, was repeated three times. After an insoluble matter was removed by filtration, to the solution 
was added 9 ml of 0.1 M phosphate buffer (pH 7.0) and chloroform, and the aqueous layer was separated. 
The aqueous layer was washed with chloroform, and purified by reverse phase silica gel column 
chromatography (elution with water). The desired fraction was collected and lyophilized to give 21.5 mg 
so (yield: 59.2%) of the title compound. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 322 nm (* = 6,900) 
IR(KBr)cm- 1 : 1760, 1670, 1610, 1400 
NMR(D 2 0) 8: 1.24(3H,d,J =6Hz). 3.08(2H,d,J = 9Hz), 
3.48(1 H.dd.J =3&6Hz), 4.12-4.39(2H,m), 
55 6.06(1 H,d, J = 1 6Hz), 7.94(1 H,d, J = 1 6Hz) 

EXAMPLE 35 

4-Nitrobenzyl (1 S,5R,6S)-2-((E)-2-carbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em-3-carbox- 
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ylate 



w 



20 



OH tJ OH 



£3 L 2) Bu 3 Sn.^ i-N 1 

° ^COOPNB N ^CONH 2 O ^^ C OOPNB 



90.2 mg (yield: 59.2%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R.3R.5R.6S)- 
6-((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxylate in the same manner as in Example 33 
except that the coupling reaction time was changed to 6 hour. 
IR(KBr)cm- 1 : 1770, 1720, 1670, 1600, 1520, 1340, 1290 
75 NMR(CDCI 3 + CD 3 OD) 5: 1 .24(3H,d,J = 8Hz), 
1 .34(3H.d,J = 6Hz). 3.27-3.50(2H,m), 
4.10-4.34(2H,m), 5.34&5.52(2H,ABq,J = 14Hz), 
6.22(1 H,d, J = 1 6Hz), 7.70(2H,d,J = 9Hz), 
8.10(1H,d,J = 16Hz), 8.26(2H,d,J =9Hz) 



EXAMPLE 36 

Sodium (1 S,5R,6S)-2-((E)-2-carbamoylvinyl)-6-((1 R)-1 -hydroxy ethy I)- 1 -methylcarbapen-2-em-3-carboxylate 



25 



30 



so 



OH 

S 4 



H t 

she 



CONH 2 ^ A r J^y^ CONH 2 

COOPNB 0 COONa 



26.2 mg (yield: 40.7%) of the title compound was obtained from 88.5 mg of th6 compound prepared in 
Example 35 and 1 .288 g (322 mg 5 4) of iron powder in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 327 nm (« = 15,400) 
35 IR(KBr)cm~ 1 : 1750, 1660, 1600, 1380, 1260 

NMR(D 2 0) 5: 1.12(3H,d,J = 7Hz), 1 .24(3H,d, J = 6Hz), 
3.26-3.52(2H,m), 4.1 0-4.30(2H,m), 
6.19(1H,d,J = 16Hz), 7.82(1 H,d,J = 16Hz) 

40 EXAMPLE 37 

4-NitrobenzyI (5R,6S)-2-((E)-2-dimethylcarbamoylvinyI)-6-((1 RH -hydroxyethyl)-1 -carbapen-2-em-3-carbox- 
ylate 

45 OH ^ H H 

ih 0 0 Tf,p . Ajy^ 001 ™ 6 ' 



<T*— SqOPn" BU3Sn >^CONM e2 COOPNB 



69.1 mg (yield: 43.9%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1R)-1-hydroxyethyI)-2-oxo-1-carbapenam-3-carboxylate and 143 mg of (E)-2-dimethylcarbamoylvinyl(tri-n- 
butyl)tin in the same manner as in Example 33 except that the coupling reaction time was changed to 
55 overnight 

IR(KBr)cm~ 1 : 1780. 1720, 1640, 1600, 1520, 1350. 1290 

NMR(CDCI 3 ) 5: 1 .34(3H,d, J = 6Hz), 3.03(3H,s), 
3.09(3H,s), 3.13(2H,m), 3.27(1 H, dd, J = 3&7Hz), 
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4.14-4.38(2H,m), 5.29&5.50(2H,ABq,J = 14Hz), 
6.41 (1 H.d,J = 1 5Hz), 7.67(2H.d, J = 9Hz), 
8.1 6(1 H.d,J = 1 5Hz). 8.23(2H.d, J - 9Hz) 

EXAMPLE 38 

Sodium (5R,6S)-2-((E)-2-dimethylcarbamoylvinyl)-6-((1 R)- 1-hydroxyethyl)-1-carbapen-2-em-3-carboxylate 



OH H OH H 



J^-k 

u COOPNB COONa 



19.1 mg (yield: 38%) of the title compound was obtained from 68.1 mg of the compound prepared in 
Example 37 and 964 mg (241 mg S 4) of iron powder in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 324 nm (e = 15,200) 

IRfKBrJcm- 1 : 1760, 1640, 1600, 1390, 1250 

NMR(D 2 0) 5: 1 .28(3H,d,J = 6Hz) f 3.00(3H,s), 
3.1 0(2H,d, J = 9Hz), 3.1 5(3H,s), 
3.47(1 H,dd,J = 3&6Hz), 4.15-4.35(2H,m), 
6.44(1 H,d, J = 1 6Hz). 7.90(1 H,d, J = 1 6Hz) 



EXAMPLE 39 

4-Nitrobenzyl (1 S,5R,6S)-2-((E)-2-dimethylcarbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em- 
3-carboxylate 




OH OH H 

XlKf 0 ' X 

^cJ^ BU3Sn ^co« e! <* 

93.8 mg (yield: 57.7%)- of the title compound was obtained from 165 mg of 4-nitrobenzyl 
(1 R,3R,5R,6S)-6-((1 R)-1 -hydroxyethy l)-2-oxo-1 -methylcarbapenam-3-carboxy late and 1 65 mg of (E)-2- 
dimethylaminocarbonylvinyl(tri-n-butyl)t»n in the same manner as in Example 33 except that the coupling 
reaction time was changed to overnight. 

IR(KBr)cm -1 : 1780, 1720, 1640, 1600, 1520. 1340, 1290 

NMR(CD 2 CI 3 ) 8: 1.26(3H,d,J = 7Hz), 1 .36(3H,d,J = 6Hz), 
3.06(3H,s), 3.13(3H,s), 3.34(1 H.dd, J = 3&7Hz), 
3.48(1 H,m), 4.16-4.38(2H,m), 
5.28&5.51 (2H,ABq, J = 1 4Hz), 6.62(1 H,d, J = 1 6Hz), 
7.69(2H,d, J « 9Hz), 8.1 5(1 H,d, J = 1 6Hz), 
8.23(2H,d,J = 9Hz) 



EXAMPLE 40 

Sodium (1 S,5R,6S)-2-((E)2«dimethy!carbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -methy!carbapen-2-em-3-car- 
boxylate 
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CONMe2 



COOPNB 



OH 



J- 



H 



ONMe 2 



COONa 



25.9 mg (yield: 37.4%) of the title compound was obtained from 93 mg of the compound prepared in 
Example 39 and 1.288 g (322 mg x 4) of iron powder in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 328 nm (e = 15,300) 

IR(KBr)cm" 1 : 1750, 1630, 1600. 1390, 1260 

IMMR(D 2 0) 8: 1 .1 6(3H,d, J = 8Hz), 1 .27(3H,d f J = 6Hz). 
3.00(3H,s), 3.16(3H,s), 3.34-3.58(2H,m), 
4.14-4.30(2H,m), 6.62(1 H,d,J = 16Hz), 
7.84(1 H,d,J = 16Hz) 

EXAMPLE 41 

4-Nitrobenzyl (1 S,5R,6S)-2-((Z)-2-carbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em-3-carbox- 
ylate 



OH w 

C 2) Bu 3 Sn 

0 XOOPNB 



OH H 



> A~T Y CONH 2 

CONH 2 J— N Us. 

° COOPNB 



21.1 mg (yield: 13.9%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1 R,3R,5R f 6S)- 
6-((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxylate and 157 mg of (Z)-2-carbamoylvinyl(tri-n- 
butyl)tin in the same manner as in Example 33 except that the coupling reaction condition was changed to 
overnight at room temperature and then for 1 hour at 50* C. 

IR(KBr)cm- 1 : 1770, 1720. 1670, 1620, 1520, 1350 

NMR(CDCI 3 ) 5: 1.10(3H,d,J=*8Hz), 1.33(3H,d,J =6Hz), 
3.30(1H,dd p J = 3&7Hz), 3.90(1H,m), 4.28(1 H,m), 
4.33(1 H,dd, J = 3&9Hz), 5.24&5.46(2H,ABq,J = 1 3Hz), 
5.88(1 H.brs), 5.96(1 H.brs), 6.05(1 H,d,J = 13Hz), 
7.1 2(1 H,d,J = 1 3Hz), 7.66(2H,d,J = 9Hz), 
8.24(2H,d,J = 9Hz) 

EXAMPLE 42 

Sodium (1 S,5R,6S)-2-((Z)-2-carbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em-3-carboxylate 




2 



6.82 mg (yield: 46.9%) of the title compound was obtained from 20 mg of the compound prepared in 
Example 41 and 292 mg (73 mg x 4) of iron powder in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 315 nm (€ = 3,500) 

IR(KBr)cm~ 1 : 1 750, 1 640, 1 620 

NMR(D 2 0) 8: 1.03(3H,d,J = 6Hz), 1.27(3H,d,J =6Hz), 
3.36-3.70(2H,m), 4.1 0-4.42(2 H,m), 
6.04(1 H.d.J = 1 3Hz), 6.96(1 H,d, J = 1 3Hz) 
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EXAMPLE 43 

4-Nitrobenzyl (5R,6S)-2-((Z)-2-dimethylcarbamoy Iviny l)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carbox- 
ylate 




30 mg (yield: 16%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1 R)-1-hydroxyethyl)-2-oxo-1 -carbapenam-3-carboxylate and 169 mg of (Z)-2-dimethylcarbamoylvinyl(tri-n- 
butyl)tin in the same manner as in Example 33 except that the coupling reaction time was changed to 24 
hours. 

IR(KBr)cm~* 1 : 1780, 1720, 1620, 1520, 1340, 1290 

NMR(CDCIa) 5: 1.34(3H,d,J = 6Hz), 3.01 (3H,s), 
3.04(3H f s) ( 3.10(2H,d,J = 10Hz), 
3.24(1 H,dd,J = 3&7Hz), 4.1 2-4.34(2H,m), 
5.26&5.50(2H,ABq,J - 1 4Hz), 6.21 (1 H.d.J = 1 2Hz), 
7.36(1 H.d.J = 12Hz), 7.68(2H,d, J =9Hz), 
8.25(2H f d,J = 9Hz) 

EXAMPLE 44 

Sodium (5R,6S)-2-((Z)-2-dimethylcarbamoylvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 



OH h f H 

CONMe 2 > Ort^ir"^ GONMe 2 

O ^COOPNB ° COONa 



10.3 mg (yield: 48.4%) of the title compound was obtained from 28.9 mg of the compound prepared in 
Example 43 and 408 mg (102 mg x 4) of iron powder in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 306 nm (e = 5,800) 

IR(KBr)cm~ 1 : 1760, 1610, 1400 

NMR(D 2 0) 5: 1 .26(3H,d,J = 6Hz). 2.89(2H,d,J = 10Hz), 
2.97(3H,s), 3.07(3H,s), 3.42(1 H.dd.J = 3&6Hz), 
4.09-4.29(2H,m), 6.10(1 H.d.J = 13Hz), 
7.09(1 H,d,J = 13Hz) 

EXAMPLE 45 

4-Nitrobenzyl (1 S,5R,6S)-2-((Z)-2-dimethylcarbamoylvinyl)-6-((1 R)-1 -hydroxyethylM -methylcarbapen-2-em- 
3-carboxylate 




14.7 mg of (yield: 9%) of the title compound was obtained from 133 mg of 4-nitrobenzyl (1R,3R,5R,6S)- 
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e.((1R)-1-hydroxyethyl)-2-oxo-1-methylcarbapenam-3-carboxy[ate and 169 mg of (Z)-2- 

dimethylcarbamoylvinyl(tri-n-butyl)tin in the same manner as in Example 33 except that the coupling 

reaction condition was changed to overnight at room temperature and then for 3 hours at 50° C. 
IR(KBr)cm- 1 : 1780, 1720, 1640. 1620, 1260 
s NMR(CDCI 3 ) ft 1 .05(3H,d,J = 8Hz), 1 .35(3H,d,J = 6Hz), 

3.02(3H,s), 3.05(3H,s), 3.27(1 H,dd,J = 3&6Hz), 

3.70(1 H.m), 4.16-4.34(2H,m), 

5.27&5.50(2H,ABq,J = 1 4Hz), 6.23(1 H,d, J = 1 3Hz), 

7.28(1 H,d, J - 1 3Hz), 7.68(2H,d,J = 9Hz), 
10 a24(2H,d,J = 9Hz) 



EXAMPLE 46 

Sodium (1 S.SR.eSK-ttZJ^-dimethylcarbamoylvinyi^e-ttl R)-1 -hydroxyethyl)-1 -methylcarbapen-2-em-3-car- 
boxylate 



15 



20 




CONMe* 



C00PN8 



0H H , 



ONMe 2 



COONa 



13.6 mg of the title compound was obtained from 14.7 mg of the title compound and 200 mg of iron 
25 powder (50 mg x 4) in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 308 nm (e = 3,000) 
IRfKBrJcm- 1 : 1750, 1620, 1450, 1400 
NMR(D 2 0) 5: 0.98(3H,d, J = 8Hz), 1 .26(3H,d,J = 6Hz), 
2.97(3H,s), 3.08(3H,S), 3.06-3.46(2H,m), 
30 4.10-4.30(2H,m), 6.14(1 H,d,J = 13Hz), 
7.03(1 H,d,J = 13Hz) 

EXAMPLE 47 

4-Nitrobenzyl (sR,6S)-2-(1 -ethoxyvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 

35 



OH 



40 



1) Tf 2 0 



2) Bu 3 Sn_^ 
^COOPNB 0Et 




92.3 mg (yield: 62.6%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
45 (1R)-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate and 157 mg of 1-ethoxyvinyl(tri-n-butyl)tin in the 
same manner as in Example 33 except that the coupling reaction time was changed to overnight. 

NMR(CDCI 3 ) 5: 1 .21 (3H,t,J = 6Hz), 1 .33(3H.d.J = 6Hz), 
3.06(2H,d,J = 9Hz), 3.30(1 H,dd,J - 3&6Hz), 
3.75(2H,q,J = 6Hz), 4.13-4.40(4H,m), 
so 5.32&5.43(2H,ABq,J = 1 4Hz), 7.63(2H,d,J = 9Hz), 
8.24(2H,d.J = 9Hz) 

EXAMPLE 48 

Sodium (5R,6S)-2-(1 -ethoxyvinyl)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxylate 

55 
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8.6 mg (yield: 13.0%) of the title compound was obtained from 92.3 mg of the compound prepared in 
Example 47 in the same manner as in Example 34. 
UVXmax (0.1 M MOPS buffer, pH 7.0): 322 nm 
IR(KBr)cm~ 1 : 1770, 1610, 1400 

EXAMPLE 49 

4-Nitrobenzyl (5R,6S)-2-((E)-2-carbamoyi-1 -methylvinyl)-6-((1 R)-1 -hydroxyethy l)-1 -carbapen-2-em-3-carbox- 
ylate 




O 0 Tf 2 0 



OH 



2) Bu s SnY^dNH 2 a 
COOPNB I »- Z ° 




CONH 2 



COOPNB 



21.7 mg (yield: 14.2%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1R)-1 -hydroxyethy l)-2-oxo-1-carbapenam-3-carboxy late in the same manner as in Example 33 except that 
the coupling reaction time was changed to overnight. 

IR(KBr)cm~ 1 : 1780, 1730, 1670, 1610, 1520, 1350 

NMR(CDCI 3 +CD 3 OD) 5: 1.33(3H,d,J = 6Hz), 2.25(3H,s). 
3.03-3.34(3H,m). 4.10-4.36(2H,m), 
5.29&5.42(2H,ABq, J = 1 4Hz), 5.82(1 H,s), 
7.63(2H,d,J = 9Hz), 8.25(2H,d, J = 9Hz) 

EXAMPLE 50 

Sodium (5R,6S)-2-((E)-2-carbamoy 1-1 -methy lvinyl)-6-((1 R)- 1 -hydroxyethyI)-1 -carbapen-2-em-3-carboxy late 




19.8 mg (yield: 78%) of the title compound was obtained from 34.9 mg of the compound prepared in 
Example 49 in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 299 nm (e = 8,500) 

IRtKBrJcm" 1 : 1760, 1660, 1600, 1400 

NMR(D 2 0) 8: 1 .26(3H,d,J = 6Hz), 2.13(3H.s), 
2.84-3.27(2H.m), 3.44(1 H,dd.J =3&6Hz), 
4.1 1-4.31(2H,m), 5.84(1 H,s) 

EXAMPLE 51 

4-Nitrobenzyl (5R,6S)-2-(1 -carbamoy Iviny l)-6-((1 R)-1 -hydroxyethyl)-1 -carbapen-2-em-3-carboxy late 
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? H H Tf o ° H bn^ 

0 *COOPNB CONH 2 ° COOPNB 

30.0 mg (yield: 20.6%) of the title compound was obtained from 128 mg of 4-nitrobenzyl (3R,5R,6S)-6-(- 
(1R)-1-hydroxyethyl)-2-oxo-1-carbapenam-3-carboxylate in the same manner as in Example 33 except that 
the coupling reaction time was changed to overnight 

IR(KBr)cm- 1 : 1780. 1730, 1670, 1610, 1520. 1350 

NMR(CDCI 3 + CD 3 OD) 5: 1 .32(3H,d,J =7Hz). 3.16(2H,m), 
3.30(1 H,dd,J = 3&6Hz), 4.1 0-4.40(2H,m), 
5.28&5.39(2H.ABq f J = 13Hz), 5.60(1 H,s) f 6.05(1 H,s), 
7.62(2H.d,J = 9Hz), 8.22(2H,d,J =9Hz) 

EXAMPLE 52 

Sodium (5R,6S)-2-(1 -carbamoy lvinyl)-6-((1 R)-1 -hydroxyethy l)-1 -carbapen-2-em-3-carboxylate 




10.7 mg (yield: 49.3%) of the title compound was obtained from 30.2 mg of the compound prepared in 
Example 51 in the same manner as in Example 34. 

UVXmax (0.1 M MOPS buffer, pH 7.0): 296 nm (* = 2,300) 

IR(KBr)cm~ 1 : 1760, 1670, 1610, 1410 NMR(D 2 0) 8: 1.27(3H,d,J = 6Hz) f 2.85-3.54(3H.m), 
4.16-4.40(2H,m), 5.57(1 H.s), 5.88(1 H,s) 



Claims 

1. A process for producing a 2-(unsubstituted or carbon-substituted)-1-carbapen-2-em-2-carboxylic acid 
derivative, which comprises reacting a 2-trifluoromethanesulfonyloxy-1-carbapen-2-em-3-carboxylic acid 
derivative or the 1 -carbapen-2-em-3-carboxylic acid derivative derived from a 2-oxo-1 -carbapenam-3- 
carboxylic acid derivative and trifluoromethanesulfonic anhydride, and a stannane derivative in an inert 
solvent in the presence of a palladium compound and a salt. 

2. The process according to Claim 1 for producing a compound of the formula: 




wherein R is a hydrogen atom or an organic residual group, R 1 is a hydrogen atom or a methyl group, R 2 is 
a hydrogen atom or a carboxyl-protecting group, and R 3 is a hydrogen atom or a hydroxyl-protecting group, 
which comprises subjecting a compound of the formula: 
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5 




(III) 



10 wherein R 1 and R 3 are as defined above, R* is a carboxyl-protecting group, and Tf is a trifluoromethanesul- 
fonyl group, or a compound of the formula: 



75 




(HI) 



wherein R\ R 3 , R* and Tf are as defined above, derived from a compound of the formula: 



25 



30 




(IV) 



COOR4 



35 



wherein R 1 , R 3 and R 4 are as defined above and trifluoromethanesulfonic anhydride, and a compound of the 
formula: 



40 



45 



so 



R — Sn — R 



(II) 



wherein R is as defined above, and each of R 5 , R 6 and R 7 which may be the same or different, is a lower 
alkyl group, to a coupling reaction in an inert solvent in the presence of a palladium compound and a salt, 
and, if necessary, removing any protecting group. 

3. The process according to Claim 2, wherein R is a hydrogen atom or an organic residual group selected 
from the group consisting of a lower alkyl group, a lower alkenyl group, a lower alkynyl group, an aryl 
group, a cycloalkenyl group and a non-fused or fused 5-membered or 6-membered heterocyclic group 
containing at least one hetero atom selected from the group consisting of a nitrogen atom, an oxygen atom 
and a sulfur atom. 

4. A compound of the formula: 



55 
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(I-a) 



wherein R 1 is a hydrogen atom or a methyl group, and each of R 8a . R 9a and R 10a is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a tower alkoxy 
group, a cyano group, a lower alkoxycarbonyl group and a nitro group, or a pharmaceutical^ acceptable 
salt or ester thereof. 

5. The compound according to Claim 4, which has the formula: 




wherein R 1 is a hydrogen atom or a methyl group, and each of R 8b , R 9b and R 10b is a hydrogen atom or a 
lower alkyl group, or a pharmaceutical^ acceptable salt or ester thereof. 
6. The compound according to Claim 4, which has the formula: 




(I-c) 



wherein R 1 is a hydrogen atom or a methyl group, and each of R 8c , R 9c and R 10c is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
group, a cyano group, a lower alkoxycarbonyl group and a nitro group, provided that R 8c , R 9c and R 10c are 
not simultaneously hydrogen atoms or lower alkyl groups, or a pharmaceutical^ acceptable salt or ester 
thereof. 

7. The process according to Claim 2 for producing a compound of the formula: 




wherein R 1 is a hydrogen atom or a methyl group, and each of R 8a , R 9a and R 10a is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
group, a cyano group, a lower alkoxycarbonyl group and a nitro group, or a pharmaceutical^ acceptable 
salt or ester thereof, which comprises subjecting a compound of the formula: 
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(III) 



10 wherein R 1 is as defined above, R 3 is a hydrogen atom or a hydroxyl-protecting group, R* is a carboxyl- 
protecting group, and Tf is a trifluoromethanesulfonyl group and a compound of the formula: 



75 




(Il-a) 



20 

wherein each of R 5 , R 6 and R 7 is a lower alkyi group, and R 8a , R 9a and R 10a are as defined above, to a 
coupling reaction in the presence of a palladium compound and a salt, and, if necessary, removing any 
protecting group. 

8. The process according to Claim 2 for producing a compound of the formula: 



30 




d-a) 



35 wherein R 1 is a hydrogen atom or a methyl group, and each of R 8a , R 9a and R 10a is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
group, a cyano group, a lower aikoxycarbonyl group and a nitro group, or a pharmaceutical^ acceptable 
salt or ester thereof, which comprises subjecting a compound of the formula: 



45 




(III) 



wherein R 1 is as defined above, R 3 is a hydrogen atom or a hydroxyl-protecting group, R 4 is a carboxyl- 
50 protecting group and Tf is a trifluoromethanesulfonyl group, derived from a compound of the formula: 
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(IV) 



10 wherein R 1 , R 3 and R* are as defined above and trifluoromethanesulfonic anhydride, and a compound of the 
formula: 



75 




<H-a) 



X 7 

r' 

20 

wherein each of R s , R 6 and R 7 is a lower alkyl group, and R 8a , R 9a and R 10a are as defined above, to a 
coupling reaction in the presence of a palladium compound and a salt, and, if necessary, removing any 
protecting group. 

25 9. An antibacterial agent comprising an antibacterially effective amount of a compound of the formula: 



30 




d-a) 



. COOH 



wherein R 1 is a hydrogen atom or a methyl group, and each of R 8a , R 9a and R 10a is a substituent selected 
from the group consisting of a hydrogen atom, a lower alkyl group, an aminocarbonyl group, a lower alkoxy 
group, a cyano group, a lower alkoxycarbonyl group and a nitro group, or a pharmaceutical^ acceptable 
salt or ester thereof, and a pharmaceutically acceptable carrier or diluent. 

40 
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